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This asset strategy was prepared before BPAôs proposal to reduce costs.  Spending levels in this document do not tie to 

proposed reductions. The strategy will be revised upon conclusion of the CIR and the IPR. 
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The Bonneville Power Administration owns and manages about three-fourths of the Northwest ǊŜƎƛƻƴΩǎ ƘƛƎƘ ǾƻƭǘŀƎŜ 
transmission assets. This system spans approximately 300,000 square miles and includes more than 15,000 circuit 
miles of transmission lines and 299 substations. These assets deliver electric power, directly or indirectly, to a 
population of more than 12 million through four product categories. 
Á Transmission service to regional utilities and to commercial, industrial and other loads 
Á Generation and line and load interconnections 
Á Interregional transfers of capacity and energy 
Á Ancillary services, such as regulation and load following services 

 
Assets covered by this strategy:  

Alternating Current Substations: 298 Substations and ~32,000 major equipment categories 

Power Transformers and Reactors, Power Circuit Breakers, Circuit Switchers, DC Control Batteries and Chargers. Shunt 
Capacitors, Current Limiting Reactors, Instrument Transformers, Engine Generators, Surge Arrestors, Fuses, Disconnect 
Switches, Rigid Riser Replacement, Substation Grounding, Substation Bus and Structures, Low Voltage Station 
Auxiliary, Control Houses 

Direct Current Substations: Celilo Converter Station 

 HVDC Converter Station, Static Var Compensators, Fixed Series Capacitor Banks, Thyristor Controlled Series Capacitor 
Bank 

Control Center: 2 Control Centers with 85 plus automation systems  

Real-time Grid control and management systems; Grid and data center monitoring, protection, and alarm systems; CC 
critical power infrastructure;  Non-real-time operations analysis and support systems; Commercial Business 
Systems/facilities integration and support 

Power System Control / Telecommunications: 732 sites and ~ 11,000 pieces of equipment, 3,000 miles of fiber optic 
cable  

RAS, Transfer Trip, SCADA remote terminal units, Fiber cable, Comm batteries/chargers, SONET/MW Radios, 
VHF/mobile/portable radios, UHF, DATS, Multiplex, Power Line Carrier, Telemetering, Operational Networks and their 
management, Engine Generators, Supervisory Control Systems, UPS, Telephone systems, Telephone protection, Field 
Information Network, Misc support systems 

System Protection and Control: 956 locations, ~28,000 pieces of equipment, 33 equipment types 

 Transformer relays, Bus relays,  Line relays,  Breaker relays, RAS, Reactive relays, Revenue metering and Control, SER, 
DFR, Control equip, Load shedding relay, Indicating Meter Transducers, Relay Communications   

Rights of Way: 195,600 acres of BPA maintained ROW corridors, 319 corridors, 423 transmission lines, 368 communication 
sites, approx. 11,860 miles of access roads, approx. 80,000 tracts of easement 

Access roads, Roads, Bridges, Culverts, Trails and gates, Tracts of easement 

Wood Lines: Approx. 4,800 miles, 336 separate transmission lines with 73,500 wood poles 

Poles, Conductors, Insulator assemblies, Guy assemblies, Fiber optic cable, Line disconnect switches, Ground wire, 
Counterpoise 

Steel Lines: 10,300 circuit miles with 43,500 lattice steel and engineered steel pole transmission lines and all associated 
towers, hardware and components 

Towers, Connectors, Conductors, Insulator assemblies, Footings, Dampers, Counterpoise 
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Vision for managing transmission assets: 

Transmission Services will manage its assets to achieve high 
reliability, availability and adequacy standards and maximize 
economic value for the region. It will use efficient and transparent 
practices that are effective in managing risks and delivering results. 

 

Objectives of the FY2014-2023 Transmission Asset Management strategy 
 
The Transmission Asset Management 
Strategy provides the roadmap for 
managing the health, performance, 
costs and risks of transmission assets 
owned or leased by BPA. This is 
achieved through ensuring the 
sustainment of critical existing assets, 
including transmission lines, 
substations, control center equipment and other facilities and equipment to meet reliability and availability 

requirements; and that expansion of the system provides the needed transmission capacity and flexibility into the 
future. ¢ƘǊƻǳƎƘ ŀƴ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘŀǘŜ ƻŦ .t!Ωǎ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀǎǎŜǘ ƳŀƴŀƎŜƳŜƴǘ ǇǊƻƎǊŀƳΣ ǘƘƛǎ ǎǘǊŀǘŜƎȅ 
represents the course of action needed to ensure achieving the end-state goals.   

Long-term goals 

For improving asset management practices: 

Á Transmission asset management practices conform to leading practices. 
Á Expansion, replacements, and maintenance are integrated, prioritized in terms of asset criticality and risk, 

and directed at meeting reliability and other standards at lowest total economic cost. 
Á Asset management plans deliver on the transmission asset management strategy through an optimized 

funding and resourcing plan.  Projects are completed within scope, on schedule and within budget. 

For expanding transmission: 

Á Load service obligations and customer service request projects meet standards and tariff requirements. 

Á An integrated regional expansion planning process is implemented 
Á A robust grid that effectively and efficiently integrates diverse energy resources 

Á Inter-regional transfer capacity meets reliability standards and market requirements  
Á Fuller, more optimal use is made of existing transmission capacity through technological, policy and process 

change 

For sustaining assets: 

Á Information on asset attributes (condition, performance, and costs) is complete, accurate, and readily 
accessible 

Á Assets are proactively maintained and replaced 
Î Maintenance, replacements and sparing integrated 
Î Priority given to critical assets at greatest risk  
Î Reliability, availability, and other standards met at lowest total economic cost 

Á Maintenance is reliability-centered (condition-based) 
 

Strategic challenges 
Over the past few years much has changed in the utility industry that has placed additional demands ƻƴ Ƙƻǿ .t!Ωǎ 
transmission assets are managed.  From regulatory requirements on how critical cyber assets are classified and 
managed to market changes that drive differences in how the transmission system is operated, pressures such as 
these present challenges in ensuring objectives are defined, prioritized, integrated, and achieved, all while 
minimizing impacts to customer rates.  Meeting strategic objectives on all fronts depends on having a healthy and 
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well planned system infrastructure.  The strategy to reach the ideal state for the system infrastructure must mitigate 
and manage several challenges: 

Á Taking advantage of new technology that will provide valuable efficiencies 
Á Staying on top of technology changes to ensure reliability and interoperability of equipment, and avoiding 

obsolescence 
Á Having adequate data to inform the prioritization of work and once identified, securing adequate funding 

levels and committed resources to address backlogs in capital replacement and deferred maintenance 
Á Balancing customer demand for system availability with the necessary outages to facilitate maintenance and 

replacement projects 
Á Responding to evolving  and increasing regulatory requirements 

Á Addressing the increasing physical and cyber hazards that put the transmission system at risk 
Á Meeting the demands of an evolving market and the increased reliance on critical real time data.  Together 

customer needs, system constraints, and system operating limits will require transmission operators to have 
greater system visibility, accuracy of models and automated controls in order to maintain reliability. 
 

Major elements of the strategy 
.t!Ωǎ transmission asset management strategy is focused on the efforts necessary to achieve the long term goals of 
sustaining its existing infrastructure at desired performance levels while addressing the challenges listed above.  The 
Transmission Asset Management strategy document describes the specific approaches to be taken and places 
particular focus on overarching initiatives and the set of actions and prioritized investments to be implemented in 
the sustain programs.  Expansion investments, driven by capacity and customer requirements, are prioritized 
through the BPA Capital Investment Prioritization process and are identified ƛƴ ǘƘŜ ƻǾŜǊǾƛŜǿ ǎŜŎǘƛƻƴ ƻŦ .t!Ωǎ /ŀǇƛǘŀƭ 
Investment Review (CIR) publication.   
 
Highlights from the sustain strategies are included below to provide context to the capital investment levels 
forecasted for FY2014-2023. Detailed strategies and supporting asset information are described throughout the rest 
of this document. 

Overarching strategy for program and process improvements 

A recent evaluation of the current state of .t!Ωǎ transmission program resulted in the development of strategic 
priorities for Transmission Services in the areas of System Infrastructure, System Operations, and Commercial 
Success. These three priorities must be addressed in the context of achieving the fourth priority, System Reliability 
Compliance. The System Infrastructure strategic priority forms the basis for this asset strategy with outcomes 
expected to deliver on the following picture of success:  
 

Significantly improved annual program delivery levels of 90% for Sustain and 80% for Expand; substantially 
advanced asset management quality and systems; robust project integration; and implemented technology 
strategy and governance; together preserve and enhance the reliability and availability of the existing and future 
transmission system infrastructure. 

 
Specific process improvements identified in the strategy to facilitate reaching this objective are:  

Á Greater accessibility of higher quality asset data 
Á Developing and integrating sustain program asset strategies using a standardized approach for identifying 

risks through an evaluation of total economic cost metrics.   
Á Implementing portfolio management tools for greater visibility into asset program information 
Á Building project management capabilities 
Á Addressing hurdles in project execution 
Á Creating a critical spares strategy 
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Sustain Program Strategies: 

The Transmission sustain programs are structured by groups of assets. Each sustain program has an asset specific 
strategy and corresponding implementation plan of prioritized investments determined to best meet .t!Ωǎ strategic 
objectives for its transmission system. Sustain investments are defined as investments the primary purpose of which 
is to replace existing assets in order to maintain system performance and capability.  In an effort to better prioritize 
investments towards mitigating the most critical risks, Transmission Services adopted an approach for evaluating 
risks based on reducing total economic costs.  This approach has currently been applied to the AC Substations, 
Power System Control, and System Protection and Control programs with the remainder of the sustain programs to 
be evaluated by the end of FY2015.  

AC substations 

The AC Substations program has recently undergone a re-examination of strategic approaches using the total 
economic cost evaluation metrics. The preferred strategic alternative contains the following elements: 
Á Replacement plans to address the backlog of deferred capital replacements based on an economic lifecycle 
Á Predictive analysis using information from relays, sensors and camera 
Á Improving work related processes 
Á Addition of on-site transformer and reactor spares 

Development of the high-level implementation plan to implement selected strategic changes is expected to be 
complete by FY2014 Q2. In the meantime, the AC Subs program has already begun prioritizing replacements based 
on the newly developed strategy with a goal of minimizing total economic costs over time.  

Control centers 

The strategies to improve control center asset performance are focused on: 

Á Addressing critical asset risks first, as well as high risk asset issues before they reach critical stage 
Á Migrating Open Virtual Memory System technology systems such as major control systems to a Windows 

platform to improve manageability and maintain sufficient software vendor support 
Á Ensuring that critical systems meet their established availability targets by taking appropriate maintenance, 

support and replacement actions 

Á Complete Lifecycle Plans with risk assessments for each asset and update them at least annually 
Î Incorporates established server and workstation equipment lifecycle standards 
Î Includes refinement of additional performance standards 

Á Develop a control center Data Management Program and Strategy 
Á 5ŜǾŜƭƻǇ ŜƴǘŜǊǇǊƛǎŜ ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ ǎǘǊŀǘŜƎƛŎ άƭƛƴŜ ƻŦ ǎƛƎƘǘέ ǘƻ control center assets 

Á Develop visibility, tools, and processes to support more complete and proactive Demand & Capacity 
Management in the control centers 

Á Strategically plan for control center asset information management improvements meeting a wide range of 
program stakeholder needs 

Á Establish dedicated control center technology and architecture planning functions or roles, and better 
integrate with the Power System Control (PSC) and System Protection and Control (SPC)  Technology 
Evaluation and Testing Council and test team processes 

Á Develop a cyber-security and risk management strategy towards evolving the current practices for system 
visibility, risk assessment, decision making and compliance response 

Power system control (PSC) and system telecommunication 

The strategy is aimed at aggressively minimizing total economic cost by reducing the risks of: 
Á Asset failure through surmounting large backlogs resulting from years of underinvestment 
Á Interoperability issues by designing and conducting a comprehensive, integrated testing program 

http://www.bpa.gov/corporate/Finance/IBR/CIR/Docs/Transmission_ACSubstations_DAS.pdf
http://www.bpa.gov/corporate/Finance/IBR/CIR/Docs/Transmission_ControlCenters_DAS.pdf
http://www.bpa.gov/corporate/Finance/IBR/CIR/Docs/Transmission_PowerSystemControls.pdf
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Á Technological obsolescence by developing and implementing a long-term strategy for moving off SONET and 
other equipment 

PSC and system telecommunication equipment is upgraded and replaced to support .t!Ωǎ delivery on its strategic 
objectives, including possible energy imbalance market formation, greater use of dynamic transfer capacity and 
demand response resources, and changes in scheduling. PSC replacement plans are integrated with SPC and 
associated control center assets.  Process improvements in documentation accuracy and enhanced training enable 
achievement of objectives to address backlogs and reduce rework. 

System protection and control (SPC) 

Over the next 10 years, replace specific populations of equipment groups that are at highest risk of failure or 
technological obsolescence and contribute the most to total economic cost. Targeting these replacements will 
mitigate the risks associated with:  
Á The documented poor health of aged equipment 
Á The lack of manufacturer support for older equipment 
Á The increased corrective maintenance on aged asset population 

Á The challenge of retaining the skill set necessary to work on older equipment models 
Improvements in the SPC program include better coordination with the PSC program for replacements and 
integrated testing, which will also incorporate innovative technology. 

Rights-of-way 

Vegetation management 

Á Implement an integrated vegetation management approach ς a system of managing plant communities 
whereby managers set objectives, identify compatible and incompatible vegetation, consider action 
thresholds and evaluate, select and implement the most appropriate control methods to achieve set 
objectives. The choice of control methods should be based on the environmental impact and anticipated 
effectiveness along with site characteristics, security, economics, current land use and other factors. 

Á Assure the highest level of regulatory compliance by adopting the integrated vegetation management 
approach, which is considered an industry best practice. 
 

Access roads 
Á Implement a systematic long-term method for upgrading and maintaining BPA access to and through rights-

of-way corridors. This allows a corridor approach for planning work in support of the wood pole and steel 
lines sustain programs. It also considers bundling projects to allow greater implementation through the 
ƻǿƴŜǊΩǎ ŜƴƎƛƴŜŜǊ ŎƻƴǘǊŀŎǘΦ 

Á Ensure that safe access in compliance with environmental regulations is provided throughout the entire 
transmission system. 

 
Land rights 
Á Develop a long-term plan to meet program objectives/targets, including reducing backlogs and supporting 

asset plans for access roads, vegetation, and lines. This strategy prioritizes the needs for rights (alternative 
routes, risk of complaints/litigation/trespass violations, criticality of the line, tribal renewals) in a 
comprehensive view. 

Wood lines 

The strategy is an asset life cycle strategy which is a combination of life extension and systematic replacement of the 
worst performing and highest consequence of failure assets.  
Á The life extension strategy replaces all of the aged components on a priority pole replacement structure 

http://www.bpa.gov/corporate/Finance/IBR/CIR/Docs/Transmission_SystemProtection.pdf
http://www.bpa.gov/corporate/Finance/IBR/CIR/Docs/Transmission_RightsofWay.pdf
http://www.bpa.gov/corporate/Finance/IBR/CIR/Docs/Transmission_WoodLines.pdf


 

 
  
Transmission Asset Management Strategy   

B O N N E V I L L E P O W E R A D M I N I S T R A T I O N

8 

Á The systematic replacement strategy addresses rebuilding approximately 100 miles of aged, poorly 
performing wood pole lines each year 

Á Projects are implemented on a three-year program schedule to allow adequate time for gaining road rights, 
acquiring land and materials, and performing NEPA activities 

Á Old de-energized lines are removed to mitigate safety and liability risks and reduce maintenance 
responsibility 

Steel lines 

The strategy includes a proactive plan to replace vital overhead system components nearing end of life by: 

Á Setting standard metrics for collecting and retaining asset condition data with enough granularity to identify 
condition trends, target and pace replacement efforts, manage components over time and better predict 
remaining service life 

Á Standardizing the process for sampling and testing retired components 
Á Developing a long-term strategy for evaluating and mitigating a continuously aging asset 
Á Incorporating standardized components and technology innovations into replacement efforts 

  

http://www.bpa.gov/corporate/Finance/IBR/CIR/Docs/Transmission_SteelLines.pdf
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Results to be achieved 
Transmission Services has adopted key transmission targets and system performance measures, or metrics, and to 
ƳƻƴƛǘƻǊ ǘƘŜ ƻǾŜǊŀƭƭ ǊŜƭƛŀōƛƭƛǘȅΣ ŀŘŜǉǳŀŎȅ ŀƴŘ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ .t!Ωǎ ǘǊŀƴǎƳƛǎǎƛƻƴ ǎȅǎǘŜƳ όǎƘƻǿƴ ƛƴ the figure below). 
These system performance measures and targets are supplemented with asset program-specific metrics and targets 
contained in the sustain program strategies.  
 

 
Performance Measures End Stage Targets 

R
e

lia
b

ility 

System Average Interruption Duration Index (SAIDI) - 
Average duration of automatic outage minutes by BPA line 
category.   
Provides an indication of BPA's success at minimizing the 
duration of unplanned transmission line outages.  

No control chart violations per year for line 
importance categories 1-2.   
No more than 1 control chart violation per year 
for line importance categories 3-4.  

System Average Interruption Frequency Index (SAIFI) - 
Average number of automatic outages by BPA line 
category.   
Provides an indication of BPA's success at minimizing the 
number of unplanned transmission line outages.  

No control violations per year for line 
importance categories 1-2.   
No more than 1 control chart violation per year 
for line importance categories 3-4.  

Report of number of outages to transmission lines of all 
voltage levels caused by vegetation growing into the 
conductor or within flashover distance to the conductor.   
(Relates to vegetation growing from either inside or 
outside the BPA right-of-way)  

No outages to transmission lines of all voltage 
levels caused by vegetation growth.  

A
d

e
q

u
a

c
y 

Flowgate Performance  
Number of excursion minutes that actual path flows are 
greater than the System Operating Limits (SOL). Indicates 
congested areas for which capacity expansion may merit 
consideration.     
Included in Transmission Services FY2014 balanced 
scorecard.  

Flowgate annual excursion minutes for all of 
FY2014 are at or below the calculated control 
limit (110 minutes/flowgate) system-wide.  

A
va
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b

ility 

!Ǿŀƛƭŀōƛƭƛǘȅ ŦƻǊ ǎŜǊǾƛŎŜ ƻŦ .t!Ωǎ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ 
transmission lines (Category 1 and 2)   
Included in Transmission Services FY2014 balanced 
scorecard.  

.t!Ωǎ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜǎ 
(Category 1 and 2) are available for service at 
least 97.39% of the time.  
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Asset Management Key Transmission Target  
Included in Transmission Service FY2014 balanced 
scorecard.  

Per the approved Asset Management 
Roadmap, processes, tools, and policies in 
support of asset register improvements; asset 
strategy development; and more successful 
project, portfolio and program delivery will be 
integrated and operationalized in the business 
organizations to enable effective Asset 
Management and planning.    
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FY2014-2023 Sustain Capital Forecast 
The Transmission sustain capital program execution level has increased from approximately $70M in FY2008 to 
$177M in FY2013. An average of $200M is planned for FY2014-FY2017 with a slight ramp up the out years.  The 
annual level of investment is expected to increase and the determination of the optimal level needed to adequately 
address the backlog will continue to be analyzed. 
 

 
 

Capital FY2012-2013 Actuals and FY2014-2023 Ten Year Forecast 
  Transmission Services ς Sustain Programs        

Direct Capital only, Nominal Dollars in '000 
 Actuals           *Excludes 

FY12-13 

 Program FY12 FY13 FY14 FY15 FY16 FY17 FY18 FY19 FY20 FY21 FY22 FY23 Total 

AC Substations 15,007 30,219 28,367 31,508 32,870 34,331 34,703 37,157 40,728 40,861 44,012 42,082 366,619 

DC Substations 11,813 11,826 1,907 8,500 8,300 400 
      

19,107 

Control Center 3,228 4,701 5,811 5,827 6,104 6,206 6,437 6,516 6,597 6,677 6,760 6,837 63,773 

PSC 7,793 9,795 13,500 15,500 17,500 19,500 21,500 22,850 23,798 25,975 26,204 26,437 212,764 

System Telecom 10,986 22,152 24,845 29,559 28,000 10,750 8,750 8,899 9,050 9,204 9,360 9,519 147,937 

SPC 7,280 12,877 20,350 23,898 27,284 27,420 27,814 28,252 28,897 31,036 31,946 32,310 279,208 

Access Roads 13,422 12,491 15,000 16,000 18,000 20,000 22,500 23,500 25,000 25,425 25,857 27,297 218,579 

Land Rights 3,134 7,551 6,042 9,790 7,778 7,910 8,045 8,181 8,321 8,462 8,043 8,180 80,751 

Wood Pole Lines 44,516 33,282 33,020 46,520 57,270 52,850 55,900 51,000 52,000 54,100 54,100 56,000 512,760 

Steel Lines 28,407 21,881 19,603 12,625 14,865 15,276 17,449 18,623 19,741 20,024 21,200 22,074 181,479 

TEAP Tools 2,410 1,369 1,176 1,200 1,224 1,248 1,273 1,299 1,325 1,351 1,378 1,406 12,880 

Misc.Replacmnts   9,349                       

Sustain Total 147,995 177,493 169,622 200,927 219,195 195,892 204,371 206,277 215,455 223,115 228,862 232,143 2,095,858 
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FY2014-2023 Maintenance Expense Preliminary Forecast 
 

 
Expense FY2012-2013 Actuals and FY2014-FY2023 Ten Year Forecast 

    Transmission Maintenance 

       Nominal Dollars in '000 

       

 
Actuals SOY 

Rate 
Case  

Excludes 
 FY12-13 

Program FY12 FY13 FY14 FY15  FY16 FY17 FY18 FY19 FY20 FY21 FY22 FY23 Total 

Substation Maintnce. 28,056 27,726 31,112 31,777 32,889 34,040 35,231 36,464 37,741 39,062 40,429 41,844 360,588 

SPC 11,651 11,869 13,100 13,381 13,849 14,334 14,835 15,355 15,892 16,448 17,024 17,620 151,834 

PSC 12,637 17,623 16,868 17,582 18,198 18,835 19,494 20,176 20,882 21,613 22,370 23,153 199,170 

Control Center * 18,686 19,398 19,708 20,024 20,344 20,670 21,000 21,336 21,678 22,025 22,377 22,735 211,896 

Line Maintnce.**  24,984 26,572 26,361 26,820 27,758 28,730 29,735 30,776 31,853 32,968 34,122 35,316 304,440 

ROW Maintnce. 5,243 7,298 8,429 8,597 8,898 9,210 9,532 9,866 10,211 10,568 10,938 11,321 106,276 

Vegetation Mgmt 16,141 17,928 17,135 17,471 18,082 18,715 19,370 20,048 20,749 21,476 22,227 23,005 189,571 

Technical Training 2,443 2,211 3,201 3,269 3,384 3,502 3,625 3,752 3,883 4,019 4,159 4,305 37,099 

System Maintnce. Mgmt 4,879 7,076 6,434 6,574 6,804 7,042 7,288 7,543 7,807 8,081 8,363 8,656 74,592 

Joint Cost Maintnce. 146 123 1 1 1 1 1 1 1 1 1 1 10 

Expense Total 124,866 137,824 142,346 145,494 150,206 155,077 160,112 165,317 170,697 176,260 182,011 187,956 1,635,475 

              Caveats 

             The basis for this 10 year forecast is the FY2015 rate case budget for labor and materials. A 3.5% inflation rate has been applied for FY2016-2023.   

*The Control Center forecast includes labor only and a 1.6% inflation rate has been applied for FY2014-2023. 
** Includes both Wood Pole and Steel Lines programs. 

These forecasts are currently under review as part of the 2014 Integrated Program Review (IPR) process and will be updated in conjunction with the IPR timeline. 
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1.0   STRATEGY BACKGROUND 

1.1   Business Environment  

Sustain existing assets 

Over the past few years, Transmission Services has been maturing its asset management program with a goal of 
sustaining its existing assets to meet reliability and availability targets at optimal lifecycle cost. Long-term asset 
strategies and asset plans for capital replacements and maintenance have been developed for:   
  
Á Alternating and direct current substations 
Á Control centers 
Á Power system control/telecommunications 
Á System protection and control  

Á Rights-of-way 
Á Wood lines 

Á Steel lines  
 
Sustainment planning is asset driven and takes into account the condition of the assets and the demands placed on 
them. Each of the program strategies contains a representation of asset health and risk of failure to the system 
along with a strategy for mitigating any associated risks. The strategies provide the direction for addressing the most 
critical assets first while a corresponding plan has been developed to implement risks mitigation, slow down or 
eliminate capital replacement backlogs, and reach optimal lifecycle management. 

Expand the system 

.t!Ωǎ ǘǊŀƴǎƳƛǎǎƛƻƴ ŜȄǇŀƴǎƛƻƴ ǇǊƻƎǊŀƳ ƛƴŎƭǳŘŜǎ ƛƴǾŜǎǘƳŜƴǘǎ ǘƻ ŀŘŘ ŎŀǇŀŎƛǘȅ ŀƴŘ ŦƭŜȄƛōƛƭƛǘȅΣ ƛƴŎǊŜŀǎŜ ƻǇŜǊŀǘƛƻƴŀƭ 
output, improve reliability and meet load growth. The expansion program includes investments to interconnect 
generation, meet customer service requests and relieve transmission congestion. Projects range from minor 
upgrades and substation additions to major transmission line additions. Included are projects that are tariff driven or 
customer requested and that may be funded in part or wholly by customers or a third party.   
 
Expand investments are divided into four groups: 
Á Main grid, consisting of 500-kilovolt (kV) transmission and substation facilities as well as some 345-kV and a 

few 230-kV facilities. 
Á Area and customer service, consisting of facilities, typically 230 kV and below, that function primarily to 

serve customer loads at their request. 
Á Interregional paths, consisting of 500 kV and some lower voltage lines and facilities that interconnect with 

transmission providers and generating resources outside the Pacific Northwest. 
Á Upgrades and additions, consisting of upgrades to substations, line capacity, hardware, software and other 

electrical equipment. This includes the multi-year project to modernize and upgrade the Celilo Converter 
Station and the Pacific Direct Current Intertie north of the California-Oregon border. 

 
Transmission Services also funds capital investments in information technology, environmental work, nonelectric 
facilities, fleet, and security enhancements in support of the transmission program. These investments are 
addressed in separate asset strategies for these asset types due to the unique drivers behind the investments. 
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2.0   STRATEGY FOR MANAGING TRANSMISSION ASSETS 

2.1   Current State 
The majority of the transmission system and its high voltage power lines and substations are more than 40 years old. 
It was designed to move power from known points of dispatchable generation to stable predictable load centers. 
The environment has changed dramatically over the years and upgrades to the grid are now critical to keeping up 
with the demands. Insufficient modernization has been performed over the past two decades.  
 
¢ƘŜ ŎƘŀƭƭŜƴƎŜǎ ŦŀŎƛƴƎ .t!Ωǎ ǘǊŀƴǎƳƛǎǎƛƻƴ ǎǳǎǘŀƛƴ ǇǊƻƎǊŀƳǎ ƛƴŎƭǳŘŜ ƳŀƴŀƎƛƴƎ ǘƘŜ Ǌƛǎƪǎ associated with an aging 
infrastructure, including equipment failure and technological obsolescence risks, and managing funding, labor, 
outage availability and other constraints to implementation. These challenges are made worse by years of 
underinvestment in replacing and renewing the system. Some equipment, such as critical telecommunications 
components, is technologically obsolete. This means that interoperability problems are arising and vendor support 
and spare parts are less and less available. Some transmission assets are more than 25 percent past their design life, 
ǿƘƛŎƘ Ǉǳǘǎ ǘƘŜ ǎȅǎǘŜƳΩǎ ǊŜƭƛŀōƛƭƛǘȅ ŀǘ ǊƛǎƪΦ  

Aging infrastructure 

¢ǊŀƴǎƳƛǎǎƛƻƴ ŀǎǎŜǘǎ ƎŜƴŜǊŀƭƭȅ ƘŀǾŜ ƭƻƴƎ ŜȄǇŜŎǘŜŘ ƭƛǾŜǎΦ hƴ .t!Ωǎ ǎȅǎǘŜƳΣ ƛǘΩǎ ƴƻǘ ǳƴǳǎǳŀƭ ǘƻ ŜƴŎƻǳƴǘŜǊ ǘǊŀƴǎŦƻǊƳŜǊǎΣ 
structures or other components that are over 60 years old. Over the years, long asset lives have enabled BPA to 
push replacements farther and farther into the future. This provided BPA with flexibility to address expansion needs, 
budget and rate pressures, and unplanned contingencies. However, persistent delay of investment has resulted in a 
substantial backlog of replacement needs, higher maintenance expense and higher risk of equipment failure and 
obsolescence. To illustrate, Figure 1 indicates that an estimated 60% of steel lines are approaching theoretical end-
of-life. 
 
Lƴ нлмлΣ .t!Ωǎ ¢ǊŀƴǎƳƛǎǎƛƻƴ 
organization participated in a 
benchmarking study conducted by 1st 
vǳŀǊǘƛƭŜ ǘƘŀǘ ŎƻƳǇŀǊŜŘ .t!Ωǎ ƭƛƴŜ ŀƴŘ 
substation assets and capital program 
with other North American utilities such 
as the Tennessee Valley Authority, 
National Grid and Pacific Gas & Electric. 
In general, the results showed that 
.t!Ωǎ ǎǳōǎǘŀǘƛƻƴǎ ŀǊŜ ƻƭŘŜǊ ǘƘŀƴ ǘƘŜ 
substations of most other surveyed 
utilities. Overall, capital spending at BPA 
is lower than average, and the rate of 
replacement is lower than most other 
utilities benchmarked.  
 
Leaving equipment on the system that is 
beyond its expected service life 
increases the likelihood of failures that 
could require costly outages with 
accompanying high emergency response costs. 

Figure 1
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 An example of the volume of equipment determined to be past its optimal life cycle is shown in Figure 2. Failures 
may also lead to unplanned customer outages with regional implications.  Many existing assets are also not designed 
or constructed to withstand potential operational, physical, cyber and natural disaster threats.  

 
 
In order to target these priority replacements, it is vitally important to have a complete and accurate inventory of 
the age and health of transmission assets. 

Asset register progress 

Transmission {ŜǊǾƛŎŜΩ asset register, known as the Transmission Asset System (TAS), forms the foundation for the 
Transmission asset management program by providing the data and information necessary to prioritize its 
maintenance and replacement programs. The past few years has been focused on defining the requirements and 
refining processes to support data gathering and analysis.  
 
In FY2013, emphasis was placed on developing hardened business processes to ensure all incoming and outgoing 
asset data is processed in a manner that is consistent with good data management. Transmission Services created 
the Asset Data Management (ADM) organization to develop, manage, and drive continued improvement in support 
of this effort. Since its inception, the ADM group has been assessing the completeness and accuracy of the asset 
data that is stored in TAS. Multiple audits have been performed to understand the accuracy of current asset data. 
This has resulted in a better understanding of data completeness and accuracy and the development of a plan to 
address inaccuracies is in process. A standardized process for requesting changes to the assets or to the TAS system 
is in place to facilitate monitoring and categorizing the requests for asset changes, prioritization, resource 
assignments, and day-to-day work progress.  
 
The database platform was enhanced in FY2013 and data was reconfigured to better meet the business needs for 
the system protection and control, substations, and power system control equipment. The program has now been 
extended to include transmission line assets and is interfaced with the Enterprise Geographic Information System 
(eGIS) for a geographical representation of those asset requirements. 
 
Asset Performance Analysis  
In addition to having accurate and complete asset data, development of a sound asset management strategy is 
contingent upon having the capability to analyze the data in order to trigger asset management life cycle activities, 
such as increased maintenance or deferral of replacements.  A Reliability Centered Maintenance (RCM) group in 
Transmission Services is being established to serve this critical need.  The scope of this function will be fully defined 

Figure 2
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once the ADM group has completed developing the requirements and processes for asset data collection for the 
specific programs.  It is expected that improvements in analysis will result in a more robust preventative 
maintenance program thereby decreasing corrective maintenance and the higher costs associated with it. 
Specifically, the RCM function will improve asset management through the 

Î Development of algorithms for criticality, health, and risk of equipment 
Î Determination of the balance of corrective vs. preventative maintenance 
Î Understanding of failure modes and for setting maintenance frequency and tasks   
Î Establishment of condition based maintenance triggers 
Î Monitoring of the efficiency and effectiveness of the maintenance program 
Î Application of maintenance tasks and triggers dependent on manufacturer and model, application 

and health as determined from predictive analysis  

Operations and Maintenance  

¢ǊŀƴǎƳƛǎǎƛƻƴ {ŜǊǾƛŎŜǎΩ ƻǇŜǊŀǘƛƻƴǎ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜ όhϧaύ ǇǊƻƎǊŀƳ ƛǎ ŀ ŎǊƛǘƛŎŀƭ ŀƴŘ ŀǊƎǳŀōƭȅ ǘƘŜ Ƴƻǎǘ Ŏƻǎǘƭȅ ǇƘŀǎŜ 
ƻŦ ǘƘŜ ŀǎǎŜǘǎΩ ƭƛfecycle. Continued improvement in aligning O&M activities with asset strategies is underway to 
ensure cost effective asset lifecycle management is achieved. Management and implementation of O&M activities 
are highly data dependent, and without good data can create a situation of either over spending by performing too 
much maintenance or increasing risks by under-maintaining. As mentioned previously, asset register data is being 
improved yet is not in the state needed to adequately inform O&M activities on a cost effective life cycle basis.  
 
Once fully established, the ADM and RCM functions will provide the data and associated analytics required to 
determine the appropriate maintenance strategy based on criticality, health, and risk information.  

Technological Obsolescence 

Transmission Services is faced with the challenge of rapidly evolving technology in several different programs such 
as system telecommunications, system protection and control, and control centers. BPA has generally lagged behind 
the industry and is starting to feel the effects of this delay. Maintaining system and equipment operability with 
multiple older vintages of equipment has increased the inventory of equipment needed for spare parts and creates 
additional instances of equipment failure and system mis-operations. Costs for maintenance and inventory are up 
substantially as a result. In addition, while some equipment may still be in fair or good condition, the lack of vendor 
support and replacement parts makes repairs very expensive and increases the potential for outages of 
unacceptable duration.  
 
In addition, there are many new technologies that would provide Transmission Services with flexibility on the system 
for performing replacements and O&M activities without requiring an outage. Transmission Services is focused on 
identifying and implementing technologies that would reduce the number and the duration time of outages for 
maintenance, repair and replacement.  While Transmission Services has begun initial efforts to partner with Electric 
Power Research Institute (EPRI) to develop a technology research and development roadmap, this effort is just 
beginning to reach a functional level.  

Continuity of Operations 

.t!Ωǎ ŜƭŜŎǘǊƛŎŀƭ ǘǊŀƴǎƳƛǎǎƛƻƴ ǎȅǎǘŜƳ ƛǎ ƭƻŎŀǘŜŘ ǿƛthin the Cascadia Subduction Zone, widely recognized as a seismic 
hazard that can produce very large earthquakes of magnitude 9.0 or greater. This places transmission facilities at risk 
of potentially severe damage and loss of operation during seismic events. In order to mitigate this risk, BPA adopted 
a seismic design standard that specifies how to design and strengthen transmission facilities to withstand the 
hazards associated with seismic activity. The seismic standard provides design requirements that will enable 
essential electrical facilities to remain in service or be capable of being returned to service in a reasonable and 
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timely manner. Much progress has been made in improving the resiliency of the transmission system including the 
recent installation of a first-of-its-kind support system known as base isolation technology on a critical transformer 
on the Vancouver, Washington Ross Complex. This state-of-the-art technology will decrease the likelihood of 
damage and increase the likelihood of system availability during and after a major seismic event. 
 
The continuity of operations program as applied to transmission assets is being implemented in the areas of critical 
business function redundancy, critical equipment anchoring, rigid bus riser replacement, and river-crossing 
mitigation. A building seismic strengthening program is included in the Facilities Asset Management Strategy. In 
addition, sparing strategies for critical equipment are being developed in conjunction with federal continuity 
directives. 

Managing congestion 

Currently, several transmission paths are at or near their capacity limits, which can force changes to the optimal 
dispatch of generating resources and lead to higher regional costs for delivered power. Further, a heavily loaded 
system constrains the .t!Ωǎ ability to schedule outage time for needed maintenance, repairs and replacements. 
Increased congestion requires that new capacity and flexibility be added to the system to meet tariff and regulatory 
requirements and provide adequate, efficient and reliable service. 

Prioritization of projects 

The backlog of underinvestment in the sustain program makes it imperative for the Transmission Asset Management 
Strategy to incorporate a solid approach for prioritizing its resources towards mitigating the most critical risks. 
Transmission Services is in the process of evaluating all sustain program strategic alternatives on the basis of 
reducing total economic cost. This leading-practice involves assessing the health condition of equipment, the 
likelihood of equipment failure and the potential for line derates and outages should equipment failure occur. The 
method produces a risk-informed prioritized program of replacements and internal process improvements designed 
to minimize BPA costs and customer value losses from equipment failures over time.  An example of process for 
evaluating costs using this method that was completed during the development of the Integrated Control System 
Strategy (ICSS) is shown in Figure 3.  This effort 
resulted in a valuable integrated strategic 
approach for better coordinating the 
equipment replacement for power system 
control/system telecommunications, system 
protection and control, and associated control 
center assets.   
 
Strategic alternatives using this method have 
been developed for remedial action schemes 
and alternating current substation assets. The 
steel lines, wood pole lines, and rights-of-way 
programs are currently undergoing evaluation 
in an integrated manner. The effort will be 
extended to the control centers in the 2014-
2015 timeframe. Once all program strategies 
are developed on the same platform, it will provide Transmission Services with the ability to evaluate and prioritize 
sustain investments across all programs and make trade-off decisions to ensure the most critical replacements with 
the highest level of risk from an economic perspective are addressed first. 
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BPA has recently adopted the same method to prioritize all expansion projects across BPA, including transmission 
expansion projects. The initial effort, due to be completed in January 2014, will produce a portfolio of prioritized 
expand projects across all of BPA for the FY2015-2017 timeframe that provides the greatest economic value across 
the region. 

Managing and implementing the portfolio of Transmission projects  

DƛǾŜƴ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘŀǘŜ ƻŦ ¢ǊŀƴǎƳƛǎǎƛƻƴΩǎ ŀǎǎŜǘǎΣ ǘƘŜ ǇŜƻǇƭŜΣ ǇǊƻŎŜǎǎŜǎΣ ŘŀǘŀΣ ŀƴŘ ǘƻƻƭǎ ƴŜŜŘŜŘ ǘƻ ƛƳǇƭŜƳŜƴǘ 
greater number of replacement projects is more important than ever. Transmission Services has been working 
steadily over the past few years to create the tools and processes needed to prioritize projects, identify resource 
levels, and manage all aspects of its total capital program from project identification through project execution.  
Improvements have been implemented and more are in the works. For example,  the Demand Planning effort now 
provides visibility into the resources needed for projects on a three year horizon, yet obtaining the additional skilled 
resources to execute the sustain replacement plans at required levels continues to be a challenge.  
 
¢ƘŜ ŎǊŜŀǘƛƻƴ ƻŦ ǘƘŜ /ƻƴǘǊŀŎǘ aŀƴŀƎŜƳŜƴǘ hŦŦƛŎŜ ό/ahύ ŀƴŘ ƛǘǎ ŎƻƴǘǊŀŎǘǳŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇ ǿƛǘƘ ŀƴ ƻǿƴŜǊΩǎ ŜƴƎƛƴŜŜǊ 
firm has increased the level of execution for large expansion projects over the past several years.  Evaluations of 
how to expand the contracting capability to address sustain projects consisting of multiple replacements of smaller 
equipment across wide geographical areas are underway.  
 
Over the past few years, improvements in project tracking and reporting tools have been made, but continue to be 
mostly independent of each other. Recognizing the importance of a visible cross-functional and comprehensive 
system, Transmission Service is currently working on the development of a prototype system to fill this need. The 
system will provide a centralized view of asset program information from planning through execution, alignment of 
data across multiple systems and sources, and customizable scenarios for views, modeling, and management. 

Execution of sustain projects 

Although the past few years have seen the implementation of sustain projects slowly trending upwards, 
replacement has still lagged behind expansion projects, and investment in sustaining the existing infrastructure has 
still not caught up with depreciation. Since 2009, the rate of under-execution in the sustain programs has ranged 
from 9% to as much as 30%. The effects of this impact both the operation of the system and planned maintenance 
activities, and have contributed to a perpetual problem of emergency replacements and high maintenance costs.  
 
Executing the sustain projects at optimal levels is a balancing act in many ways; between outage requirements and 
customer demand for availability, between resources that are shared by both expand and sustain programs, and 
between keeping rates low and reserving access to capital funding and spending what is necessary to replace assets 
based on recommended strategies. Recent focus, not only by Transmission Services but BPA as a whole, on ensuring 
ǎǳǎǘŀƛƴƳŜƴǘ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ƛǎ ŘǊƛǾƛƴƎ ǘƘŜ ƴŜŜŘ ǘƻ ƳŀƪŜ ǘƻǳƎƘ ŎƘƻƛŎŜǎ ƛƴ ƻǊŘŜǊ ǘƻ ŜƴǎǳǊŜ ǘƘŜ Ǌƛǎƪǎ ǘƻ .t!Ωǎ 
transmission system and the Pacific Northwest region are minimized.  
 
With the recognition and understanding of the critical impact of these constraints to the execution of most of the 
sustain programs, a focused effort towards improving program development, resource forecasting, and expediting 
project approval was undertaken in FY2013. Lessons learned and resulting improvements made early in FY2013 led 
to widespread acknowledgement among the planning and execution organizations that the changing nature of the 
capital program (from fewer large expand projects to many more small sustain projects) would accentuate known 
and anticipated pinch points during the execution phases of design, construction and commissioning. Gaps between 
planning and execution were highlighted and resource and other constraints restricting capital program delivery 
were made visible.  
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As FY2013 performance continued to lag projections, a team of managers and subject matter experts representing 
the engineering, planning, and operations organizations worked to reach consensus on the capital program 
improvements needed and an approach for closing gaps. The recommendation was approved by Transmission 
{ŜǊǾƛŎŜǎΩ ŜȄŜŎǳǘƛǾŜǎ ŦƻǊ ƻƴƎƻƛƴƎ ŦƻŎǳǎ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘǊŜŜ ƛƴƛǘƛŀǘƛǾŜǎ ŘƛǊŜŎǘŜŘ ǘƻǿŀǊŘǎ ϦDŜǘǘƛƴƎ ²ƻǊƪ 
Accomplished". 
 
1. Early Scope Development 

In recent years, Transmission Services has developed the detailed project scope during the early design phase. 
Problems discovered at this relatively late point in the project lifecycle delay execution of the specific project 
and all other dependent projects. Examples include: 

Á inadequate land rights 
Á insufficient substation yard and/or control house space 
Á delay in cultural resources review and environmental approval 
Á supporting infrastructure deficiencies such as station service, battery/charger capacity 

2.  Additional Contracting Opportunities to address key resource constraints  

3.  More effective planning and utilization of outages  
 
The Get Work Accomplished (GWA) core team has identified additional hurdles to capital program delivery. These 
include: 
Á Environmental/Cultural Resources Approval 
Á Land Rights, Land Acquisition and Right of Way 
Á Levelize and more effectively manage workload 
Á Staffing  

2.2   Strategic Landscape 
In FY2013, Transmission Services executives held several internal workshops to discuss and re-evaluate the strategic 
direction for the Transmission Services program, focusing on the next five years. In recognition of the demands and 
challenges placed upon ¢ǊŀƴǎƳƛǎǎƛƻƴΩǎ ŀǎǎŜǘǎΣ ƻƴŜ ƻŦ ǘƘŜ ŦƻŎǳǎ ŀǊŜŀǎ ǿŀǎ ǘƘŜ ¢ǊŀƴǎƳƛǎǎƛƻƴ ǎȅǎǘŜƳ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ 
While key strategic landscape issues were categorized into four distinct areas, all of the areas are interlinked and 
improvements in any one must be aligned with the others in order to claim success.   
 
The workshops resulted in the identification of a set of Transmission Strategic Priorities. The Transmission priorities 
are focused on improvements to better meet BPA and ¢ǊŀƴǎƳƛǎǎƛƻƴ {ŜǊǾƛŎŜǎΩ ōǳǎƛƴŜǎǎ ƻōƧŜŎǘƛǾŜǎ and address 
transmission and enterprise risks in the following areas: 

Á System Infrastructure 
Á System Operations 
Á Commercial Success 

 
All three priorities above must be evaluated in the context of 
achieving the fourth priority of System Reliability Compliance 
(see Figure 4). 
 
The System Infrastructure strategic priority is focused on 
addressing the challenges and issues currently being faced in 
the implementation of the asset management program and as 
such, forms the basis for this revision to the Transmission 
Asset Management Strategy. 
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The System Operations strategic priority specifies the need to sustain operational stability and enable system 
flexibility.  It reflects the need to address the needs of commercial customers while supporting reliability. This is 
contingent upon having a platform of healthy assets. BPA must balance system reliability with an acceptable level of 
risk in order to ensure the infrastructure needed to support the operations of the transmission system is healthy. 
 
Over the past few yearsΣ ǘƘŜ ŜƭŜŎǘǊƛŎ ǳǘƛƭƛǘȅ ƛƴŘǳǎǘǊȅ Ƙŀǎ ǎƘƛŦǘŜŘ ǘƻ ŜƳǇƘŀǎƛȊŜ ōǳƭƪ ǘǊŀƴǎƳƛǎǎƛƻƴΩǎ ŎƻƳƳŜǊŎƛŀƭ 
importance alongside reliability and the need for the Commercial Success strategic priority was identified in 
response. Transparency of system constraints and utilization, and understanding of customer needs, is fundamental 
to driving future decisions for products and services, system operations, system planning, system infrastructure, and 
new technology deployment. 
  
New and ever-increasing regulatory compliance demands being placed on how BPA Transmission and other utilities 
create, operate, and maintain their transmission systems led to the need for the System Reliability Compliance 
strategic priority. This priority is directed towards embracing required compliance performance as a key means to 
enhanced transmission system reliability.  

 
Transmission Services is in the early stages of developing the strategies and implementation plans for these strategic 
priorities. Particular attention is being paid to ensure the TransƳƛǎǎƛƻƴ ǎǘǊŀǘŜƎƛŎ ǇǊƛƻǊƛǘƛŜǎ ŀǊŜ ƛƴ ŀƭƛƎƴƳŜƴǘ ǘƻ .t!Ωǎ 
strategic objectives and enterprise risks, and are also integrated with each other to make certain that the outcomes 
of the priorities are achievable by staff through a balance of workload and resources, one ƻŦ .t!Ωǎ ǘƻǇ ŜƴǘŜǊǇǊƛǎŜ 
risks.   

2.3    Future State 
9ŀŎƘ ƻŦ ¢ǊŀƴǎƳƛǎǎƛƻƴΩǎ {ǘǊŀǘŜƎƛŎ tǊƛƻǊƛǘƛŜǎ Ŏƻƴǘŀƛƴǎ ōǳǎƛƴŜǎǎ ƻōƧŜŎǘƛǾŜǎ to be achieved by 2018. The evaluation of key 
gaps to be closed and a detailed planning effort for how the key objectives and outcomes are to be reached are the 
focus of an FY2014 Key Transmission Target (KTT). 

2.3.1   Key objectives  
System Infrastructure ς Assets and Technology:  
Significantly improved annual program delivery levels of 90% for Sustain and 80% for Expand, substantially advanced 
asset management quality and systems, robust project integration, and implemented technology strategy and 
governance, together preserve and enhance the reliability and availability of the existing and future transmission 
system infrastructure. 
 
System Operations ς Stability and Future Flexibility: 
System reliability is preserved and enhanced, confidence in firm transmission delivery is increased, confidence in 
optimized available transfer capability (ATC) is increased, and abilities to proactively manage congestion and system 
events are improved, based on a platform of integrated analytical capabilities that advance operational planning, 
outage flexibility, system management, and alignment between system operations and internal and external parties. 
 
Transmission is a Commercially Successful Business: 
Transmission is a commercially successful business that delivers valuable products and services at cost-effective rates 
and demonstrates regional leadership. 
 
System Reliability Compliance: 
Zero violations of NERC compliance standards rated as high risk or as a severe or high severity level, and zero repeat 
ǾƛƻƭŀǘƛƻƴǎΣ ǎƻ ǘƘŀǘ .t!Ωǎ ǊŜǇǳǘŀǘƛƻƴ ŀƴŘ Ŝxisting BPA Administrator authorities are preserved and enhanced. 
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2.3.2   Program and Process Improvements  
The future envisioned in the Transmission Strategic Priorities pushes Transmission Services towards a more 
integrated and comprehensive state where system reliability and compliance, availability, operational and 
commercial requirements are all balanced appropriately and supported by a well-planned system infrastructure. 
Towards this end, the system infrastructure strategic priority aims towards continued improvements in two main 
areas, program delivery and asset management. 
 

2.3.3   Key Outcomes  
The Transmission Strategic Priorities specify the key outcomes expected to be achieved by 2018.  
 
The System Infrastructure Transmission Strategic Priority provides the vision for the Transmission Asset 
Management program for the next three to five years. To substantially improve upon the state of the Transmission 
System Infrastructure will require significant progress in four overlapping areas, as illustrated by the diagram in 
Figure 5. Program delivery and asset management are two areas of focus for the 2018 vision of this strategic priority. 
These two areas are affected by, and affect the need to 
improve project integration and technology 
management.  
 
 

Program Delivery: Significantly improved program 
delivery levels of 90% for Sustain and 80% for Expand, 
with major progress in Sustain delivery that does not 
come at the expense of Expand, through a focus on 
comprehensive delivery.  

 
Key work will focus on reduction of constraints, be 
supported with approaches integrated across 
organizations, implemented effectively to advance 
across the immediate-, mid- and long-term timeframes. 
This key outcome is the central focus of the strategic 
priority for system infrastructure. The supporting work 
in asset management, project integration and 
technology must enable, not detract from or impact, 
the focus on delivery of the programs. 
There are three sub-outcomes to be achieved to deliver this end-state: 
 
1. Sustain Program Delivered:  Measured by each program with delivery at 90% or better annually, scope metrics 

developed and implemented that are at 90% or better annually and milestones met 90% of the time or higher, 
with 100% of the work ready by July for the next fiscal year and additional work (reserve / shovel ready / move 
in ς move-out) ready by October 1. 

2. Expand Program Delivered:  Measured by each program with delivery at 80% or better annually, scope metrics 
developed and implemented that are at 80% or better annually and milestones met 80% of the time or higher, 
with 90% of the work ready by July for the next fiscal year and additional work (reserve / shovel ready / move in 
ς move-out) ready by October 1.  

3. Outage Flexibility:  Technology and other approaches are developed and implemented that support outage 
management approaches to reduce the impact and duration of outages and their effect on project timelines 
such that the metrics for program delivery are met.  

Figure 5
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Achieving these sub-outcomes will be based on significantly improved project integration that will improve 
coordination between planning and project execution, through more precise resource planning and work plan 
development, project management improvement, and process reduction. The improvements will be measured by 
changing from the current metrics of total capital program delivery, capital milestones, and Capital Allocation Board 
(CAB) targets, to more disciplined measures of delivery for each program, milestones as established by programs, 
and CAB targets.  
 
Technology will impact the delivery of the outcomes in the longer term by improving the transmission technology 
roadmap through: effective investment in sustain technologies of field practices, and IT initiatives for project 
management resource planning and work plan development.  
 
Delivery of the sustain and expand programs as a key outcome for the System Infrastructure strategic priority is 
based on several key aspects, but primarily on the increase in program requirements for work needed to address the 
aging system and the challenges to date in increasing delivery to meet that requirement. This has important 
implications across all the strategic priorities of System Operations, Reliability Compliance and Commercial Success.   
 
²ƘƛƭŜ ǘƘŜǊŜ ŀǊŜ Ƴŀƴȅ ƪŜȅ ƻǳǘŎƻƳŜǎ ǊŜǉǳƛǊŜŘ ŦƻǊ ŘŜƭƛǾŜǊȅ ƻŦ ¢ǊŀƴǎƳƛǎǎƛƻƴΩǎ ǇǊƻƎǊŀƳǎΣ ǘƘŜ ǊŀǘƛƻƴŀƭŜ ŦƻǊ ƴŀǊǊƻǿƛƴƎ ǘƻ 
these was based on reducing focus across many areas and investing in those assessed as having the largest impact in 
the three to five year timeframe of this strategy. 

 
 

Project Integration: Broad, disciplined ownership and application of improved project prioritization, management, 
portfolio development, program integration and other standard practices, significantly improve Asset Management 
and Program Delivery. 
 
Improvement in project integration will address shortfalls in how projects are managed across the asset 
management program, plan, design, build continuum. Project integration ties Asset Management and Program 
Delivery together resulting in progress in addressing major gaps such as early and effective resource strategy 
planning and project scoping, management of BPA and contract resources, State and Federal permitting, and 
improvements in Plan-Design-Build throughput. tǊƻƎǊŜǎǎ ƘŜǊŜ ǿƛƭƭ ŜƴŀōƭŜ άǎƘƻǾŜƭ ǊŜŀŘȅέ ǇǊƻƧŜŎǘǎ ŀƴŘ ƻǘƘŜǊ 
approaches that will increase project efficiency. 
 
While success in improvement efforts over the past few years has been realized such as development of the asset 
programs, the creation of the Contract Management Office (CMO) and Project Management Office (PMO), 
inspections, contracted panel construction, and resource planning, significant change continues to be needed in 
project coordination, scoping, and pre-construction activities.  

 
Asset Management: A substantially improved Asset Management program achieves three key sub-outcomes: asset 
register is complete and of high quality, including asset inventory, performance and health; asset strategies and 
associated asset plans are informed, deliverable, measurable, and incorporate system needs, customer needs and 
priorities; and asset strategies are transparent, owned and supported by business processes resulting in a mature 
asset lifecycle approach that incorporates operations and maintenance. Maintenance, repairs and replacements are 
performed at the right time based on performance, cost and risk. 
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There are three sub-outcomes to be achieved to deliver the end-state: 

 

1. Asset register: Progress in this key sub-outcome is: 
Á Asset inventory with determination of criticality is established and processes for maintaining are 

developed and functioning for 90 to 100% of assets 
Á Asset health information is based on criticality and priority determination for two-thirds of assets 

 

2. Asset strategy quality: Results in this key sub-outcome are: 
Á Scenario and analysis capability that produces defined capital and O&M work lists based on 

Transmission system and health, such that the full range of analytical capabilities to support asset 
strategies is in use 

Á Strategies that fully incorporate customer input, commercial, and economic aspects 
 

3. Asset life-cycle maturity: The end-state in this key sub-outcome is: 
Á Dictating RCM Program with standards so that O&M work is optimized 

Á Accurate and complete asset trend analysis is fully utilized, 
Á Asset strategies for core sustain are established through total economic cost modeling based on quality 

data and thorough analysis so that backlog is reduced to acceptable risk, allowing the optimization of 
maintenance and capital 

Á Transmission asset management will be balanced against other BPA asset categories, resulting in a BPA 
level prioritized investment portfolio 

 

These sub-outcomes will be delivered in the immediate- and mid-term timeframe through implementation of:  the 
Transmission Asset System ; initiation of the Transmission Asset Portfolio Management (TAPM) project with initial 
operational capability set and achieved; and work practices improvements in areas such as strategic capability 
planning, demand planning, contract approaches, and project portfolio development. Technology investment to 
support this key outcome will invest in condition monitoring, inspection assessment, maintenance, and 
incorporating technology to reduce the number of outages and time needed for maintenance, repair and 
replacement activities.  
 

Improvements in Asset Management will be measured by changing from the current metrics to more disciplined 
measures of critical asset data, actionable standards, and the measures for Program Delivery. 
 

Technology: Existing and emerging technologies are developed, integrated with Transmission business and asset 
strategies, and applied to improve the transmission system by leveraging the Transmission technology roadmap, 
central technology governance and partnerships with BPA Technology Innovation, EPRI and others.  

 

Progress in this key outcome will be in two areas: 
1. Driving technology to meet needs by identifying areas in which new technologies are needed and bringing 

academia, industry and other Federal Agencies to the table to produce technologies that meet that need. 
2. Much more effective utilization of existing technologies that are already available and have not yet been 

implemented with Transmission Services. 
 

Results in this key outcome will enable Transmission to leverage existing technologies such as Phasor Measurement 
Units (PMU) and advance in new technologies, for example in emerging advanced electronic controls such as Inter-
area Oscillation Damping Controls and Response-Based Voltage Stability Controls and moving to major operational 
tools such as Dynamic Line Rating and other cutting edge applications. 
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Impact to Other Transmission Strategic Priorities 
Overall progress in all four outcomes envisioned by the System Infrastructure Strategic Priority is supported by, and 
significantly impacts the outcomes of the other Transmission Strategic Priorities (System Operations, System 
Reliability Compliance and Commercial Success). As the outcomes for the System Infrastructure strategic priority are 
achieved, major progress will be made towards system reliability in many key areas due to advances in system 
health, maintenance and in system availability as a result of reduced unplanned outages, increased system 
flexibility, available transmission capacity, system operating limits, and expanded opportunities for commercial 
success.  
 

3.0    STRATEGY IMPLEMENTATION PLAN 

3.1   Implementation  Plan - Strategic priorities  and supporting initiatives  
Over the past few years, key initiatives have been initiated to close major existing gaps in Transmission Services 
program delivery and asset management capabilities. An asset management roadmap of key initiatives has been 
developed with a focus on alignment and integration. These initiatives are well underway and are expected to 
support meeting the outcomes of the System Infrastructure Strategic Priority. The progress of the key initiatives is 
being measured and tracked through a FY2014 KTT for Asset Management. Beyond these, the identification of a 
strategy and plan for fully meeting the outcomes of the Transmission Strategic Priorities is a focus for FY2014. 
 

3.1.1   Asset Management Roadmap Capabilities Initiatives  

Initiative: Asset register development  
Gap(s) being addressed:  

Á Deficiency in asset information and systems  
Á Maintenance / replacement decisions 
Á Implementation of changes to maintenance standards 

Á Effective asset trend analysis  
 
This initiative is focused on furthering the development in the Transmission Asset System (TAS) and the Asset Data 
Management (ADM) function towards the enhancement of the Transmission asset register. There are four main 
areas of focus over the next three years. 
 
1. The initial focus is on continued development of a hardened business process to ensure all incoming and 

outgoing asset data is processed in a manner that is consistent with good data management.  
2. The second area of focus is on the completeness and accuracy of the asset data that is stored in the TAS 

database. The plan includes identifying the accuracy of current asset data. The degree of accuracy and 
completeness will inform decisions on how to correct the inaccuracies. The approach could be a complete 
inventory or an approach that corrects the inaccuracy in the normal course of operation.  

3. The third focus will be on understanding and prioritizing requests for additional functionality or data gathering 
requirements of the TAS system.  

4. The forth focus will be two fold, but done in parallel in order to maximize the return on effort. 
a) Gain a better understanding of what information is needed that is collected external to TAS and how to 

connect those data sources with the TAS data.   
b) Understand what new processes will be needed to either collect new data or use existing data 

differently. 
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The above focus is understood to be subject to the prioritization of the changing compliance environment and will 
need to be adaptable.   
 
The goals of the ADM program for FY2014 are to: 
Á Establish metrics for accuracy of data and the volume of work queued up for the ADM group to process, also 
ƪƴƻǿƴ ŀǎ ǘƘŜ άōŀŎƪƭƻƎΦέ 

Á Create a quality management plan for the ADM group. 
Á Document the rationale for defining and managing the maintenance activities for the highest risk/most 

critical asset type per asset category (Lines, Subs, SPC, PSC). 
Establish the process for reviewing and managing the change of the items in bullets 1 and 3. 
 

Initiative: Maintenance Management Strategy   
Gap(s) being addressed:  
Á Maintenance / replacement integrated decision approaches  
Á Implementation of changes to maintenance standards 

 
The Transmission Maintenance Program performs regularly scheduled inspections, testing and monitoring, 
preventative maintenance, and corrective maintenance as needed. Even so, it is recognized that a more robust 
maintenance strategy, fully aligned and integrated with the asset life cycle is needed. The plan to further develop 
the maintenance strategy must be sequenced with efforts to: 

1. Develop policies, processes, and procedures needed to implement an accurate asset register.  These policies, 
processes, and procedures are a prerequisite for an accurate asset register and are currently being 
implemented.  They are expected to be substantively complete by the end of second quarter FY2014.  The 
ADM organization should be operational using the above policies, processes, and procedures by the end of 
FY2014.   The ability to maintain and modify transmission asset data accurately is the cornerstone needed to 
address both existing compliance requirements and maintenance strategies.    

2. Establish a reliability centered maintenance function to conduct asset performance analysis that will inform 
asset management strategies.  

3. Keep pace with the evolving compliance requirements work to develop a plan to deliver on the ά{ȅǎǘŜƳ 
wŜƭƛŀōƛƭƛǘȅ /ƻƳǇƭƛŀƴŎŜέ strategic priority that is foundational to developing and integrating maintenance 
strategies. Current compliance requirements dictate specific maintenance requirements and Transmission 
{ŜǊǾƛŎŜǎΩ ability to react to the changes that the industry is facing must be addressed for the long term.  The 
plan development is expected to be completed by the end of FY2014.   

4. Develop and integrate the asset strategies using the common platform based on reducing total economic 
cost currently underway (see TASI below). This effort not only will identify data requirements for the asset 
register but will also inform the maintenance strategies as a driver on repair/replace decisions.  

 
With results from the above efforts, Transmission Services can begin to consolidate these requirements to guide in 
the development and integration of the asset management strategies.            
 
Initiative: Transmission Asset Strategy Integration (TASI) 
Gap(s) being addressed:  
Á Need for a single asset plan that is aligned across Transmission 
Á Sustain programs are not integrated within and between programs 
Á Challenges in ensuring investment decisions incorporate market and customer aspects 
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In recent years, Transmission Services has employed an industry-recognized consulting firm to facilitate its sustain 
programs through the development of strategic alternatives using an economic value-based approach that not only 
ŀŘŘǊŜǎǎ ǘƘŜ Ǌƛǎƪǎ ŦŀŎƛƴƎ .t!Ωǎ ǘǊansmission system, but the regional risks as well. The approach quantifies all failures, 
outages, and line derates and aggregates their associated costs so that equipment replacements can be prioritized 
based on total economic value. Included in the strategic alternatives are recommendations for process 
improvements that have been determined to add value and potentially cut costs.  
 
Once completed for all sustain programs, the result will be an integrated model that provides Transmission Services 
with the ability to target the most costly risks across all programs. Currently the strategies and resulting planning 
models have been integrated for the system protection and control (SPC), power system control (PSC), system 
telecom, and remedial action scheme (RAS) equipment. Over the next two years, work will continue to build and 
integrate these models for the rest of the sustain programs. It is expected that by 2016 all sustain strategies will 
have been developed using this approach and the tool for aggregating all transmission assets will be available for 
use in making trade off replacement decisions. 
 
Specific process improvements have been identified for the four programs that have been evaluated and are 
currently in the process of being implemented. The FY2014 KTT is tracking the progress and achievements in  
Á Improving the state of the equipment documentation in the field for PSC equipment 

Á Enhanced training for PSC staff 
Á More rigorous testing of PSC and SPC equipment prior to field installation 
Á Development of policy and plans for RAS automation 
Á Development of plans for addressing RAS complexity 

 
Initiative: Transmission Asset Portfolio Management (TAPM) 
Gap(s) being addressed:  
Á Need for a single asset plan that is aligned across Transmission 
Á Lack of a dynamic and adaptive work planning process 
Á Metrics that do not accurately forecast program delivery with sufficient lead times to resolve shortfalls 

Á Need to incorporate demand planning and capability planning as part of asset strategies, IPR budgets, and 
asset plans development 

 
The TAPM initiative is focused on three primary areas of improvement: 

1. The development of a comprehensive system that will compile forecasted work for program planning, 
approval and funding, execution planning and status reporting. 
Á In FY2014-2015, the TAPM project team will be developing and testing a system prototype. This will be 

converted into an enterprise-level, IT project beginning in FY2015-2016.  
2. Application of the Lean methodology to the capital project process, the business process for planning to 

execution of capital work.  
Á Focus will be on streamlining processes and eliminating waste and non-value-added work from targeted 

sub-processes.  
3. Continue improvements in the process to identify and analyze resource requirements for implementing 

asset plans, known as demand planning and strategic capability planning. 
Á In FY2014, this effort will identify and deliver on improvement opportunities to support managerial use 

of demand planning scenarios and to further reduce the effort required to create demand planning 
scenarios. Improvements may include, but are not limited to: shaping demand, customizing capacity 
constraints, statusing work in progress, adjustable resourcing, scenario automation, integrations with 
project portfolio creation and work plan management and control. 
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Initiative: Improvement in Execution/Project Management Office capabilities 
Gap(s) being addressed:  

Á Project management capability and the Plan, Design, Build (PDB) throughput required for project delivery. 
Á Program development that has not fully incorporated key resource constraints in both budgeting and 

delivery resources. 
Á Need to incorporate demand and strategic capability planning as part of asset strategies, IPR budgets, and 

asset plans development 
 
Continued progress is planned for building the capabilities of the Transmission Project Management Office (PMO) to 
facilitate the successful execution of increasing number of projects. In FY2014, the PMO will focus on the following 
program elements:  
Á In coordination with improvements in demand and strategic planning, improve the accuracy of the annual 

resource availability forecast for existing groups and add other groups not currently reporting in the capacity 
planning tool 

Á Introduce the concept of Project Portfolio Management in order to improve the ability to deliver the 
maximum amount of productivity within the Transmission Capital Projects Organization (at large). This 
includes the transition away from managing smaller disparate work items, to delivering complete and 
integrated project solutions 

Á LƳǇǊƻǾŜ άǇǊƻƧŜŎǘ ǘŜŀƳέ ǊŜƭŀǘŜŘ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜΣ ƛƴŎƭǳŘƛƴƎ ǘŀǊƎŜǘŜŘ L¢ ǎƻƭǳǘƛƻƴǎ ŦƻǊ ŎǊŜŀǘƛƴƎ ƭƻŎŀƭ 
effectiveness and efficiency 

Á Create an objective-driven PMO, staffed appropriately 
Á Implement a newer version of Microsoft Project to enable workflow + process integration 
Á Prototype enterprise-wide solutions for managing project delivery across the capital project organization 

Focus for FY2015 and beyond: 

Á Identify and mitigate portfolio constraints and manage portfolio level risks through a centralized strategy 
and process 

Á Allow room for experimentation within the project management arena to establish a clearing house for best 
practices in terms of process systems and job aids. 

Á Create Communities of Practice and develop standards and best practices within these communities 
 
Initiative: Get Work Accomplished (GWA) Initiative 
Gap(s) being addressed:  
Á Project management capability and the Plan, Design, Build (PDB) throughput required for project delivery. 
Á Contracting approaches that were designed for larger expand projects, but do not meet the needs of the 
ǎǳǎǘŀƛƴ ǇǊƻƎǊŀƳΩǎ ǎƳŀƭƭŜǊ ǇǊƻƧŜŎǘǎ 

Á Scope definition challenges as projects are planned and designed that impact build 
Á Major impact of outages, land, State and Federal permits and other constraints on project delivery 
Á Challenges in resourcing the work of planning, designing, and building with current BPA and contracted 

resources.  
 

This initiative is in direct support of addressing the constraints impacting the ability to fully implement the sustain 
programs strategies as currently defined. Three specific areas are being focused on to close the execution gaps 
experienced by most of the sustain programs. 
 
1. Early Scope Development  
Early scope development (ESD) will be conducted during the late planning phase, utilizing BPA staff and contracted 
ƻǿƴŜǊΩǎ engineer subject matter experts to identify and address gaps between planning and execution that reduce 
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efficiency and effectiveness, particularly in accomplishing the core sustain work. This will have the benefit of 
providing time to detect problems and apply mitigation when performed two to three years in advance of execution, 
thereby reducing delay and inefficiency during execution. Lƴ ŀŘŘƛǘƛƻƴΣ ōȅ ǇŜǊŦƻǊƳƛƴƎ ŀ άǇǊƻƎǊŀƳƳƛƴƎέ ǎǘŜǇ ŀǘ ǘƘƛǎ 
point in the project lifecycle to test dependencies and coordination with other projects in the portfolio related by 
location or systems integration will further reduce delay and re-work during execution. Applied over the long term, 
Early Scope Development and programming will provide the necessary integration and visibility to optimize and 
sustain these improvements.  
 
Current ESD progress: Under the Transmission PahΩǎ ƎǳƛŘŀƴŎŜΣ .t!Ωǎ ƛƴǘŜǊƴŀƭ ŜƴƎƛƴŜŜǊƛƴƎ ŦƻǊŎŜǎ ŀƴŘ contracted 
engineers scoped the high priority FY2014 new start projects. Separately, the system telecommunications planning 
and design organizations joined forces to scope proposed telecommunication projects (e.g. radio stations.) The GWA 
core team observed scope development of projects by both BPA and contracted engineers to document the current 
effort, identify additional opportunities and prepare recommendations. It is expected that an organizational home, 
as well as clarification of roles, duties and performance expectations of the ESD and programming functions are to 
be determined in FY2014.  
 
2. Pursuing additional contracting opportunities 
In FY2014, the GWA core team will be investigating several options for meeting program needs with additional 
contracting opportunities, such as contracts to manage multiple smaller projects and/or supplemental labor. 
  
3. Outage Planning and Utilization 
The GWA staff will work with Transmission Operations on outage management with a focus towards: 
Á Master planning 
Á Coordination of outage requests 

Á Tools to assess outage risks 
 
Initiative: Critical spares strategy  
Risk being addressed:  

Á BPA enterprise risk of business continuity  
 
To meet the mission essential function (MEF) of delivering power to load in a reliable manner, BPA needs the ability 
to restore service following disruptions to the grid. BPA can better meet the objectives of this MEF with the 
capability of knowing what critical spares are available, where they are located, and how to best deliver them to 
field sites during an emergency.  
 
The FY2014 Asset Management KTT includes an initiative to develop a Transmission Critical Spares Strategy and 
create a unified way to access critical spares inventory information. This will serve to address .t!Ωǎ /ƻƴǘƛƴǳƛǘȅ ƻŦ 
Operations objectives and will ƛƴŎǊŜŀǎŜ .t!Ωǎ ƭƻƴƎ-term ability to restore service following disruptions to the grid by 
ensuring critical spares are properly positioned with viable transportation alternatives. By the end of FY2014, it is 
expected that the Critical Spares team will have:  
Á Performed a gap analysis between the risk assessment completed by the Enterprise Risk Management group 

and the existing Emergency Minimum Stock (EMS) policies and created a strategy for closing the gaps 

Á Conducted and assessed a sample inventory at field sites and warehouses of critical spares/EMS to validate 
and determine accuracy of existing inventory data for count and location and incorporate results into the 
strategy 
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3.1.2   Process Performance Metrics  
In addition to realizing improvements in program delivery and asset management fundamentals, results of many of 
the initiatives listed in the previous section are expected to yield greater efficiency and productivity of Transmission 
staff.  Examples of the process performance metrics Transmission Asset Management will be monitoring and 
measuring include: 

TAS Lines project 

The purpose of this project is to improve upon the state of lines asset data and condition.  Currently data on 
transmission line demographics, health, utilization, performance and costs is often incomplete, inconsistent in 
quality, or siloed between business functions. The project is directed towards providing a solution to support 
meaningful analysis on lines assets that will lead to better investments and maintenance decisions, reliability and 
availability of the system, and efficiencies in use of capital and staff resources.   
 
The following labor benefits will be tracked and measured after the implementation of the TAS Lines project in 
FY2015. 
 

 

Transmission Asset Portfolio Management System (TAPM) 

This investment is needed to replace a patchwork of generic tools with one designed to manage asset portfolios.  
Today, each step along the asset management and planning process through the execution tracking process is 
supported with autonomous tools ς typically MS-Access databases or MS-Excel spreadsheets.  Transmission Services 
tracks thousands of projects and metadata over a 10- to 30-year life period.  Data does not naturally flow from one 
step to another and people are forced to replicate and reconcile data every step of the way.  It is also extremely 
difficult to track the progress of the asset programs from planning through execution.  This is inefficient and error-
prone, and it slows the pace at which work is prepared for execution and provides limited visibility to track 
program/project execution. These issues are some of the contributing factors to under-delivery of the planned 
capital program in recent years.   
 
At the conclusion of this project, much efficiency is expected to be realized through time-saving processes and 
integrated systems. In preparation for the capital IT project that supports this effort, studies will be performed to 
determine the current labor requirements for analyzing and managing this vast amount of data.  Metrics and targets 

Benefit description Metric Baseline 
(current) 

Target  
(goal) 

Comments 

Improved TLM labor efficiency 
from better access to 
information 

A gain of 1hr/wk 
per lineman in 
efficiency 

2012 actual TLM 
labor costs = 
$8.8M 

Annual labor 
benefit = 
$442K 

.50 hr gain in efficiencies 
by the TLM craft and .50 hr 
gain by supporting staff 
(such as engineering) 

TLM labor efficiency gains due 
to improved maintenance 
practices reflected in decreased 
cost/hr of work performed 

10% overall gain 
in labor efficiency 

2012 actual TLM 
labor costs = 
$8.8M 

Annual labor 
benefit = 
$880K 

Precedent has been 
demonstrated in same 
metric for ITF assets.  

Improved RCM analysis results 
in efficiency gains in execution 
of maintenance program 

$880k labor 
savings over 7 
year life of 
system 

2012 actual TLM 
labor costs = 
$8.8M 

Annual labor 
benefit = 
$125k 

Savings/Benefits evolve for 
7 years to reach 100%. 
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for the improvement in productivity of staff performing these tasks will be determined once these studies are 
completed. 

3.1.3    Risks to meeting the objectives  
The future state in the Transmission Strategic Priorities has specified an aggressive target to close many key gaps by 
2018. While section 3.1.1 described the effort underway to close many of the gaps, many of the risks to achieving 
the recommended objectiǾŜǎ ǊŜŀŎƘ ŀŎǊƻǎǎ ŀƭƭ ƻŦ .t!Φ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ŀǊŜ ŀ ŦŜǿ ƻŦ .t!Ωǎ ¢ƻǇ 9ƴǘŜǊǇǊƛǎŜ wƛǎƪǎ ǘƘŀǘ ǿƛƭƭ 
have an impact on when and how Transmission Services will meet the goals of the System Infrastructure Strategic 
Priority. Success is contingent upon the development of a BPA overarching approach for mitigating the effects 
associated with these risks. 
Á Addressing the changing business environment 
Á Workload and resource balance 
Á Talent adequacy 

Î Succession planning for key positions  
Î Hiring constraints for filling vacancies 

Á Regulatory and compliance continued evolution 
 
While not insurmountable, other risks to the objectives will take substantial time to define and develop feasible 
mitigation plans.  
Á Dependencies with external agencies and organizations (Bureau of Land Management, US Forest Service, 

tribal partners, etc.) to meet regulatory needs such as permitting, in a timely manner for adequate project 
planning and implementation 

Á System operational impacts of needed outages to perform replacements in relation to availability 
requirements  

Á Asset register deficiencies and the time needed to correct may not fall into strategic timeframe. 
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 EXECUTIVE SUMMARY 
 
AC Substations program overview 
Á Approximately 298 alternating current (AC) Substations on the BPA system, over 50 operate at 500kV 

Á Approximately 27,000 major (serial numbered) pieces of high voltage electrical outdoor substation 
equipment and another 5,000 with limited attribute data 

Á Assets: 
Î Power Transformers, Power Reactors, HV Transformer and Reactor Bushings, and Current Limiting 

Reactors 
Î Power Circuit Breakers, Circuit Switchers and Disconnect Switches 
Î Shunt Capacitors 
Î Instrument Transformers 
Î Arresters and Rod Gaps 
Î Control Batteries and Chargers 
Î Station Service (SS), SS Transfer Switches and Engine Generators 
Î Control Houses, Foundations, Structures, Substation Bus and Insulators 

 

 
 

Key risks to be addressed 
Á Unplanned equipment replacements due to failures and failure rates 

Á Over or underinsuring caused by replacing too soon or too late in equipment life cycle 
Á Delays caused by planning, work processes, and work procedures  
Á Inadequate vendor support 
Á Spare parts availability or cost 
Á Technology obsolescence 
Á Work force availability and efficiency  

 
 
 



 

 
  
Transmission Asset Management Strategy   

B O N N E V I L L E P O W E R A D M I N I S T R A T I O N

33 

Strategy Elements 
Modeling and analyzing equipment replacement on a total economic cost basis revealed there is a large backlog of 
equipment beyond its economic lifecycle that will be now need to be addressed in this strategy timeframe. This 
drives the implementation of a strategy that includes: 
Á Replacement plans to address backlog are based on economic lifecycle 
Á Development and implementation of predictive analysis using information from relays, sensors and 

cameras, and information currently collected through inspections, SCADA and other maintenance data bases 
Á Improving work related processes 
Á Strategic placement of on-site spares for transformers and reactors 

 
In the long run, this strategy will help: 
Á Set the pace of planned replacements that reduces the frequency of failures, which has an impact on 

preventative maintenance, corrective repairs and emergency replacements, thereby reducing the economic 
Ŏƻǎǘ ǘƻ .t! ŀƴŘ ǘƻ .t!Ωǎ ŎǳǎǘƻƳŜǊǎ 

Á Reach a steady state, where most work is planned, there is stable and constant system reliability 

1.0   STRATEGY BACKGROUND  

1.1.   Business Environment  
 
Customers and Stakeholders Served 
Á Network Transmission Customers ς Utilities (Public & Investor owned) & Generators (Independent Power 

Producers ς LttΩǎ ϧ CŜŘŜǊŀƭ IȅŘǊƻύ 

Á Delivery Customers ς {Ƴŀƭƭ ǳǘƛƭƛǘƛŜǎ όǇǳōƭƛŎύΣ ǎƳŀƭƭ LttΩǎ όŎƻ-generation), Tribal PUD 
Á BPA Internal ς System Protection and Control (SPC), Power System Control (PSC), Substation Operations, 

Substation Maintenance, Billing, Non Electric Plant (NEP) Facilities, Energy Efficiency; Environment, Fish & 
Wildlife 
 

Products and Services 
Á Network Services: AC sustain enables interconnection/transfer ServƛŎŜ όLh¦ΩǎΣ t¦5Ωǎύ 

Á Generation Integration:  (Hydro, Wind, Thermal, Coal, Co-Generation) 
Á Delivery Service: Radial service -  tǳōƭƛŎ ǳǘƛƭƛǘƛŜǎΣ ǎƳŀƭƭ ƛƴǾŜǎǘƻǊ ƻǿƴŜŘ ǳǘƛƭƛǘƛŜǎ όLh¦Ωǎύ όƭƻŀŘ ǎŜǊǾƛŎŜύ  
Á Reactive Compensation:  VAR Support, Available Transfer Capability, System Operating Limits 
Á Measurement & Indication (voltage & current) for System Protection & Control, Revenue Metering, Control 

Area & Interchange Scheduling, Automatic Generation Control 
Á Spare power transformer support for regional customers and nationally - member of EEI (Edison Electric 

Institute) STEP Program since 2006 
 
Strategic Drivers 
Á Historically, BPA has primarily replaced AC substation equipment based on failures or failure rates, asset 

condition assessment, system upgrade (capability/capacity), and asset risk (failure and consequence) 
Á Long term vendor support is increasingly limited, which affects spare parts availability and cost 
Á Small Control Houses are lacking space for station upgrades and new equipment replacements which can 

take up more space due to increased capacity or redundancy required by regulations (NERC-CIP, etc.) 
Á Technology obsolescence 
Á Workforce availability - the loss of skilled/experienced workers through retirement and attrition is a major 

factor in maintaining older equipment 
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Á Reporting requirements are increasing for substation equipment maintenance, equipment failure 
tracking/trending, and equipment ratings (thermal/continuous).  

 
Increasing Demands on AC Substation Assets 
Á A key Transmission asset management goal is to make fuller, more optimal use of existing system capacity. 

Among other impacts, this goal may lead to: 
Î Tighter margins on reliability and availability and ultimately equipment performance 
Î Reduced tolerance for equipment failure 
Î Reduced outage availability for maintenance 

Á Load growth is projected to continue putting increased demands on existing equipment in terms of loading 
(thermal ratings), fault duty (short circuit ratings) and decreased outage availability for maintenance or 
system disturbances (contingencies) 

Á Integration of generation, such as wind generation, is also growing.  Existing substation equipment can 
accommodate, to some extent, integration of key wind and other generation resources.  However, using up 
existing system capacity tends to: 
Î Put increased demand on equipment (thermal and short circuit ratings) 
Î Reduce operating margins that allow for system contingencies, and  
Î Reduce maintenance and operational flexibility 

Á Generation is often connected radially which creates constraints on the availability of terminal equipment 
and line outages for maintenance. 

Á Increasing demand to monitor, test, and report on equipment condition, both for regulatory and program 
strategy purposes and ensure all data in the Transmission Asset System (TAS) is accurate for regulatory 
reporting. 
 

On the strategic radar are future opportunities in data collection: 
Á Use of relays to collect data on CVT secondary voltages, breaker operation time, fault current interruption 

(i2t), and thorough fault information 
Á Automatic data collection for counters and temperature readings imported into TAS from PI (Plant 

Information System) rather than taking manual readings 
Á Import of data from TOA (Transformer Oil Analysis) and PowerDB (Battery Testing) into TAS   

1.2   Assets, Asset Systems and Criticality  
 
AC Substation Assets 
Program Profile:  Approximately 298 Substations and 32,000 major pieces of equipment 
 

Asset Count Description 

Power Transformers 668 

Convert power (voltage and current) to maximize the efficiency in moving 
and delivering power between generation sources and load centers. All 
500kV, 345kV and many 230kV power transformers are considered critical 
equipment.  

Power Reactors  120 

Serve two primary roles: 1- Controlling system over voltages, particularly 
during light load conditions; 2 - Reducing system currents caused by 
transient or fault currents. All 500kV reactors are considered critical 
equipment. 

Current Limiting 
Reactors 

652 
Reduce transient and fault currents caused by normal switching and short-
circuit system events to levels within the ratings of existing equipment.  
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Asset Count Description 

Fuses 1,569 
Protects power transformers in substations, by providing interruption of 
permanent faults.  

Power Circuit 
Breakers 

1,907 
Protect transmission lines and transformers by clearing system 
disturbances caused by events such as faults or lightening. 

Circuit Switches 214 
Primarily used to switch reactive equipment (Capacitors and Reactors) in 
and out of service. Circuit Switchers are also used on a limited basis to 
clear faults. 

Disconnect Switches 6,578 
An isolation device used to separate equipment or transmission lines from 
the transmission system for maintenance or replacement activities. 

Shunt Capacitor 226 

Provide reactive compensation to increases power transfer and boost 
system voltage during heavy load conditions. Small air core current limiting 
reactors are used in conjunction with multiple capacitor groups on the 
same bus to limit transient currents that can damage equipment while 
switching. 

Instrument 
Transformers 

7,080 
Provides the raw current and voltage data from the power system for 
protection and control relaying, revenue meter data, AGC, generation and 
stability control and condition monitoring 

Surge Arresters 3,695 
Protective devices that control over-voltages caused by voltage transients 
caused by switching or during system events such as lightning and faults. 

Rod Gaps Unknown 

A crude form of surge protection against over-voltages. Upon each 
operation a line fault is created that must be cleared by a breaker thus de-
energizing the line. This momentary outage can contribute to SAIFI and 
SAIDI. 
Rod Gaps are actively being replaced with surge arresters. 

Control Batteries 283 
Provides uninterruptable power to relays, control, indication, security, and 
communication systems. 

Control Batteries 
Chargers 

538 

Station Service 1,063 
Supplies AC power to control cabinets, heaters, cooling equipment, station 
yard power and Non Electric Plant (NEP) facilities within substations. 

Transfer Switches 141 

Used to transfer the AC power between primary and secondary sources of 
AC station service. A reliable secondary source of AC station service can be 
provided by a separate source within the station, through local utilities or 
engine generators. 

Engine Generators 57 
Provides a reliable back up power for critical AC loads when the primary 
source is lost. 

Substation Bus, 
Structures, 
Foundations, Rigid 
Risers 

Unknown 

These supports and structures provide the required electrical clearances or 
spacing between energized equipment (phase-to-phase); energized 
equipment to ground, and safe working distances for personnel and HV 
electrical equipment to work and operate safely. 
The replacement of rigid risers with flexible jumpers is done to prevent 
damage during a seismic event. 

Control Houses ~250 
Contain batteries, relaying, control and indication, metering, SCADA and 
communication equipment. 
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Criticality 

 

Substation Bus and 
structures 

Rigid Risers Shunt Capacitors Power Transformers 

Station Auxiliary  
excluding DC control 
Batteries 

Substation grounding Disconnect Switches Power Circuit Breakers 

    Current Limiting Reactors Circuit Switchers 

    Instrument Transformers 
DC Control Batteries 
and Chargers 

    Fuses Surge Arresters 

 
As work continues to evaluate the criticality of equipment based on its impact to total economic cost, these 
criticality assumptions could possibly change. 
 

2.0   THE STRATEGY 

2.1   Current State 
 

2.1.1   Program Accomplishments for FY2012 -2013  

 

 
 
 
 
 
 

Equipment Design Construct Design Construct

Arresters / Rod Gaps 30 73 184 136 Emergency replacements -15 in 2012, 14 in 2013

Battery 16 17 30 16

Disconnect Switches 11 28 25 6 Emergency replacements - 9 in 2012, 5 in 2013

Instrument Transformers 43 32 44 40 Emergency replacements - ALL

Power Circuit Breaker - 500kV 14 3 2 5 Emergency replacements - 1 in 2013

Power Circuit Breaker - Other 9 20 19 13 Emergency replacements - 1 in 2012, 4 in 2013

Power Reactor - 500 kV 0 0 1 0 One failure in 2013

Reactor - Other 0 0 1 0 One failure in 2013

Rigid Risers 9 5 12 13

Shunt Capacitors 0 0 2 1

Station Service 2 3 3 2

Transformer Auto- 500kV 1 0 0 0 One delivered and purchased in 2013 to be installed in 2014

Transformer Auto - Other 1 0 0 0 One delivered and purchased in 2013 to be installed in 2014

Transformer - Other 0 0 1 0

Totals 136 181 324 232

2012 2013
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2.1.2   Cost History  
 
Historical Actuals - Capital 
Á Capital spend in 2009 ramped up significantly for Transformers & Reactors due to the purchase of five 

emergency spare transformers to reduce outage duration and to locate additional spares in regional 
locations to avoid transportation bottlenecks. 

Á In 2012-2013, completed the installation of five (5) 500kV circuit breakers and purchased material for the 
remaining nine (9) 500 kV circuit breakers which will be installed throughout 2014 .

 
Historical Actuals ς Capital 

5ƻƭƭŀǊǎ ƛƴ Ψллл         

Level 5 Node Name FY07 FY08 FY09 FY10 FY11 FY12 FY13 Total 

Circt Brkrs & Switch Gr $6,352 $5,981 $7,609 $5,038 $6,123 $9,154 $15,137 $55,394 

Transfrmrs & Reactors $292 $5,117 $30,139 $1,679 $633 $350 $6,233 $44,443 

CVT/PT/CT & Arresters $618 $742 $514 $802 $959 $1,009 $2,535 $7,179 

Shunt Capacitors $2,134 $30   $62 $496 $82 $1,386 $4,190 

Low Voltage Auxiliary $1,528 $3,592 $2,230 $2,442 $3,893 $3,783 $4,147 $21,615 

Bus & Structures $506 $1,526 $551 $498 $266 $630 $782 $4,759 

Total $11,430 $16,988 $41,043 $10,521 $12,370 $15,008 $30,220 $137,580 

 
Notes:   

Á The actuals above reflect the addition in 2009/10 of many new capital replacement equipment categories 
ŦƻǊ ŦƛƴŀƴŎƛŀƭ ǊŜǇƻǊǘƛƴƎ ŀƴŘ ǘƘŜ ǘǊŀƴǎŦŜǊ ƻŦ ǇǊƻƧŜŎǘǎ ŦǊƻƳ άƳƛǎŎŜƭƭŀƴŜƻǳǎέ ŀƴŘ άǳǇƎǊŀŘŜǎ ϧ ŀŘŘƛǘƛƻƴǎέ 
categories to the newer more specific equipment categories. 
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2.1.3   Health of Current Assets (Current Condition & Performance)  
The following histogram represents the number of substation ŜǉǳƛǇƳŜƴǘ ƻƴ .t!Ωǎ ǎȅǎǘŜƳ in terms of its economic 
life. As shown, there is a large backlog of equipment (i.e. equipment that is beyond its economic lifecycle), that 
should have been addressed before 2014 and will now lead to a spike in the number of replacements that will need 
to be done beyond 2014Φ ¢ƘŜǊŜ ŀǊŜ ŀƭǎƻ ǎŜǾŜǊŀƭ ŀǎǎŜǘ άǿŀƭƭǎέ ƛƴ ŦǳǘǳǊŜ ȅŜŀǊǎΦ  !ƴ ŀǎǎŜǘ άǿŀƭƭέ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ǿƘŜƴ ŀ 
significant portion of the equipment population is expected to reach its end of life in a 3-4 year time period.
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FY07 FY08 FY09 FY10 FY11 FY12 FY13 Total 

Substation Maintenance $19,706 $25,154 $25,522 $23,809 $25,522 $28,056 $27,725 $175,496 
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2.2   Future State 

2.2.1   Key asset performance objectives, measures and targets  
The AC Substations program has recently gone through the process of developing a risk-informed asset 
management strategic approach where substation assets are planned for replacement based on reducing total 
economic cost. This strategy includes a ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ƴƻǘ ƻƴƭȅ Ǌƛǎƪǎ ǘƻ .t!Σ ōǳǘ ǘƻ .t!Ωǎ ŎǳǎǘƻƳŜǊǎ ŀǎ ǿŜƭƭΦ   
 
The plans for how to implement this strategy are currently in development.  Once this occurs, performance 
objectives, measures and targets will be drafted to represent the approach that will be taken to implement this new 
strategic approach. It is expected that the detailed strategy planning phase will start in the middle of Q2 FY2014. 

 

 

 
 
 

2.3   Asset Condition/Performance Gaps  

 
 

BPAΩǎ substation equipment has been determined to be older than many other utilities, which is a large contributing 
factor to the backlog and asset walls seen in the chart above. Additionally, the current state of substation equipment 
has been caused by: 
Á Delay of replacing some equipment, causing an increase to the backlog 
Á System capacity is increasing while equipment operating margins are decreasing due to effective age and/or 

effective life cycle 
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Á Unplanned replacement of equipment due to failures and failure rates 
Á Delays caused by planning, work processes and work procedures  

Á Reduced vendor support 
Á Limited or inability to obtain spare parts and cost of the spare parts 

Á Technology obsolescence 
Á Workforce availability 

 
As a result of the gaps listed above, there will be a higher risk probability and consequence to substation assets in 
the future ǳƴǘƛƭ ŀ ǎǘŜŀŘȅ ǎǘŀǘŜ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘΦ  ¢ƘŜǎŜ ŀǎǎŜǘǎ ƛƴŎƭǳŘŜ ŀƭƭ ƻŦ ǘƘŜ άƳƻǊŜ ŎǊƛǘƛŎŀƭ ŀǎǎŜǘǎέ ƛŘŜƴǘƛŦƛŜŘ ƛƴ 
section 1.2, such as transformers, circuit breakers, circuit switchers, batteries and chargers, surge arresters and 
shunt capacitors. According to the total economic cost modeling, a steady state can be achieved by FY2023 and will 
yield full benefits in ~40 years if the replacement pace (dotted black line in the chart) is met. This includes the ramp 
up of equipment replacements to eliminate the backlog of equipment beyond its economic life.  
 
In addition to ramping up replacement pace, BPA has increased the amount of condition-based inspections (e.g. 
monitoring oil levels) to supplement age-based analysis. More automated approaches, such as temperature sensors 
for condition monitoring is detailed in section 2.4.1. 

2.3.1   Risks to meeting objectives  
The risks to meeting the objectives will be identified after performance objectives are developed in conjunction with 
the detailed strategy planning phase. 
 
Execution constraints 
The Substation program and the successful execution of the strategy rely heavily on asset data and performance 
analysis.  The Asset Data Management (ADM) and Reliability Centered Maintenance (RCM) functions are critical for 
accurately capturing and analyzing the data derived from maintenance and condition assessments. As described in 
the Transmission Asset Management Overarching strategy, there is an effort underway to address the requirements 
for fully establishing these functions. These capabilities will enhance the planning and execution of the substation 
strategy through 
Á Better visibility in TAS of lines and transformer outages forced out of service by equipment such as 

instrument transformers, arresters and disconnect switches 

Á Mapping of the spare parts availability to equipment 
Á Determination of what information needs to be collected on Substation Operations inspections that will 

trigger actions 
Á Identification of information that needs to be collected on non-serial numbered equipment, such as 

foundations, pedestals, insulators, ground grid, etc. 
Application of standard inspection, maintenance, and replacement criteria to Substation Bus & Structures, 
including foundations, pedestals, insulators and substation bus  

2.4   Strategic Approach to Closing Gaps 

2.4.1   Strategic Approach 
The strategic approach for managing Substation equipment, determined to offer the greatest economic value is a 
combination of an optimal replacement plan based on economic lifecycle, predictive analysis, process 
improvements, and the strategic location of spares.   
 



 

 
  
Transmission Asset Management Strategy   

B O N N E V I L L E P O W E R A D M I N I S T R A T I O N

41 

It is expected that in the long run, this strategy will reduce the ŜŎƻƴƻƳƛŎ Ŏƻǎǘ ǘƻ .t! ŀƴŘ .t!Ωǎ ŎǳǎǘƻƳŜǊǎ ŀƴŘ 
levelize the program to a steady state of planned work and resources as well as stable and constant system 
reliability.  

 
Replacement plans based on economic lifecycle to address backlog: 
The economic lifecycle replacement determines the best interval of replacement based on the likelihood of failure 
and the economic impact of the failure based on the quantification of the following elements: 

Á Regulatory violations 
Á Unplanned and planned transmission and customer outage costs 
Á Ongoing business costs associated with operations and maintenance 
Á Change in cost of energy delivered, which is often a consequence congestion created by transmission de-

rate and outages. It reflects the potentially higher generation costs (BPA cost) and higher electricity prices 
(non-BPA). 

Á The pace of planned replacement. This impacts the frequency of failure which has an impact on the repairs 
and premium for emergency replacements. 

 
The following table gives the economic perspective of when equipment should be replaced based on total economic 
cost.  

 
As shown in the table, for most equipment categories, equipment was not being replaced on economic lifecycle. 
Switching to an economic lifecycle based replacement strategy will provide BPA with the ability to balance 
equipment replacement frequency against repair and the unplanned outage cost of a failure, thereby reducing cost 
to BPA and customers. 
Á Current practice is to replace equipment before ƛǘΩǎ ǘƻƻ ƻƭŘ ŀƴŘ ƭƛƪŜƭƛƘƻƻŘ of failure is too high. 
Á When replacements occur prior to economic life, this results in over-insuring. The equipment still has useful 

life and there is low risk of failure and unplanned customer outages. 

Equipment Current Practice  
(years equip stays on  

system) 

Economic Lifecycle  
& Equip Replacement Per  

Year 

PV Benefit of  
Economic  

Replacement  
($M) years replace / yr 

Arresters  / Rod Gaps 47 38 - 39 97 211 

Power Transformer  - Other 80 67 - 75 4.9 62 

Disconnect Switches 57 64 - 67 102 51 
Power Circuit Breaker  - 500kV 35 41 - 46 8.4 41 
Power Circuit Breaker  - Other 55 41 - 46 35 28 
Power Transformer  - Other Auto 70 72 - 80 2.4 13 
Series Capacitor 35 21 - 23 1 5 
Shunt Capacitor 35 34 - 35 6 2 
Batteries / Chargers 23 29 - 30 9.4 0+ 
Instrument Transformers 47 52 - 54 134 0+ 
Power Transformer  - 500 Auto 70 54 - 64 2.1 0+ 
Power Reactor  - 500kV 

Run until major  
problem 

72 - 79 1.3 
Power Reactor  - Other 67 - 69 0.3 
Fuse Links 72 - 73 23 
Station Service 100 18 
Substation Bus 78 - 79 10.1 
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Á When replacements occur beyond the economic life, this results in under-insuring. When equipment is 
allowed to remain on the system beyond its economic life, there is a greater risk of failure, outages, 
increased maintenance, and emergency replacements. 

Á Replacing based on economic lifecycle creates value. Replacing arresters and disconnects create a high level 
of value due to their population and impact of failure. 

Á The pace of planned replacement impacts the frequency of failure, which has an impact on the repairs and 
premium for emergency replacements. 

Á The replacement pace also determines the total replacement cost i.e. the more frequently equipment is 
replaced, the higher the total replacement cost. 
 

Expanded predictive analysis: 
Predictive analysis reduces the number of equipment failures and time spent in planned and unplanned outages 
through better use of information from inspections as well as information from relays, sensors and cameras. 
Predictive analysis will 
Á Reduce emergency repairs and replacements and can catch forced outages before they happen. Planned 

work reduces emergency premium. 
Á Increase equipment life through timely maintenance. Fewer equipment failures will be experienced due to 

reduction in the effective age of the equipment. 
Á Identify the equipment with the poorest health and target for replacement leading to better informed 

planned replacements.  
Á Provide cradle to grave information to help systematically increase the likelihood of targeting the worst 

condition equipment. 
Á Identify better positioning of on-site spares resulting in a reduction in the duration of unplanned outages. 

Cost of moving spares will be incurred less often. 
 

Implementing process improvements: 
The strategy recognizes the value from efficiencies that will be gained in the future through four main process 
improvements:  continued coordination with expand projects, bundling across programs, prequalifying contract 
labor, and performing bay-to-bay maintenance and planned replacement work between assets and crafts.  This will 
result in: 
Á Reduction in planned outage requirements 

Á Maintenance and replacement labor efficiency 
Á Increase in  contract labor efficiency which alleviates BPA resource constraints 
Á Cost savings from competitive contractor bidding 

 
Substation upgrades and additions: 
Coordination with the upgrades and additions portion of the expand program resulted in the development of a 
programmatic approach for two critical substation components, control houses and engine generators.  Space 
constraints found in many control houses were impacting the ability to make necessary equipment upgrades and 
replacements. In conjunction with the Facilities Asset Management group, an evaluation of alternatives was 
performed that resulted in the recommendation and approval to replace specific control houses with cost-effective 
modular facilities in a programmatic manner.  It is expected that replacements will be targeted and performed over 
the next 10 years. Likewise, an evaluation of the engine generators used for substation back up power indicated 
deficiencies in reliability and meeting capacity requirements.  A programmatic approach for upgrading and replacing 
critical engine generators has now been approved and will be implemented over the next 10 year timeframe. 
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O&M Flex Program: 
The O&M Flex program has been established to identify projects that have the potential to reduce the number and 
severity of BPA Transmission System operational issues.  A programmatic approach to recommend and develop the 
ŎŀǇƛǘŀƭ ǳǇƎǊŀŘŜ ǇǊƻƧŜŎǘǎ ƛƴ .t!Ωǎ ǎǳōǎǘŀǘƛƻƴs in response to these issues has been developed.  It is expected that 
improvements resulting from these investments will further enhance system reliability by providing alternatives to 
planned outages to perform some operations, maintenance, and replacement activities. 

 
Addition and strategic location of on-site transformer and reactor spares 
By using predictive analysis to determine the placement of spares based on the likelihood of failure, it has been 
estimated that adding on-site spares for critical transformers and reactors at specific locations where the economic 
cost of an outage is higher, will result in cost savings in the long run. 

3.0   STRATEGY IMPLEMENTATION PLAN 
 

3.1   10 year Implementation Plan  
 

 

3.2   Program Forecast Planning 
 

FY2014-2023 Capital Forecast 

Direct Capital only, Nominal Dollars in '000 

            Equip Category FY14 FY15 FY16 FY17 FY18 FY19 FY20 FY21 FY22 FY23 Total 

Circt Brkr &Swtch Gr $14,023 $8,203 $16,462 $17,388 $15,084 $16,714 $17,295 $18,047 $18,211 $18,211 $159,638 

Transfrmr & Reactor $3,101 $15,678 $7,866 $7,746 $7,746 $7,842 $11,580 $11,751 $15,495 $15,416 $104,221 

CVT/PT/CT Arresters $1,644 $1,920 $1,781 $1,635 $1,571 $1,631 $1,654 $1,618 $1,618 $1,618 $16,690 

Low Voltage Aux $6,897 $3,330 $4,669 $4,158 $4,992 $4,047 $3,623 $3,462 $3,187 $3,868 $42,233 

Shunt Caps $1,783 $1,365 $620 $367 $233 $135 $109 $512 $180 $1,539 $6,843 

Bus & Structures $919 $1,012 $1,472 $3,037 $5,077 $6,788 $6,467 $5,471 $5,321 $1,430 $36,994 

TOTAL $28,367 $31,508 $32,870 $34,331 $34,703 $37,157 $40,728 $40,861 $44,012 $42,082 $366,619 
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FY2014-FY2023 Expense Forecast 

      Nominal Dollars in '000 

          
            Maintenance Program FY14 FY15  FY16 FY17 FY18 FY19 FY20 FY21 FY22 FY23 Total 

Substation Mgmt $31,112 $31,777 $32,889 $34,040 $35,231 $36,464 $37,741 $39,062 $40,429 $41,844 $360,588 

            

Caveats 
Forecast is currently under review as part of the 2014 Integrated Program Review (IPR) process and will be updates in conjunction with the IPR 
timeline. 
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EXECUTIVE SUMMARY 
 
Control Center (CC) program overview 

Á Includes all the systems, tools, infrastructure and support services required to manage the Transmission 
Grid.  Requires a 24/7 availability support model with redundancy both within the systems and between the 
two CC sites. 

Á Grid Ops system assets can be considered in the following layers: 
× Operations System Services (~37 systems) 
× RAS Systems (~6 systems) 
× Data Center Infrastructure & Support Services (~43 systems) 

 

  
Key risk to be addressed 
Á Risks to system reliability and flexibility 
Á Wide range of evolving operational, regional market, industry, regulatory, and security related requirements  
Á Gaps in Governance and Support capabilities 
Á Staffing adequacy 

 
Strategy Elements 
Á Complete Lifecycle Plans for every system and update them at least annually.  Ensure integration of the 

Program Asset Plan priorities management and Project Portfolio Management processes. 
Á Server and workstation lifecycle standards support determining system upgrade planning and risk methods. 

Other CC equipment lifecycle standards will be developed and incorporated into systems lifecycle planning. 

Á Complete Windows Migrations efforts for remaining OpenVMS systems 

Á Develop a CC Data Management Program and Strategy 
Á Develop business architecture and strategƛŎ άƭƛƴŜ ƻŦ ǎƛƎƘǘέ ǘƻ // ŀǎǎŜǘǎ 
Á Develop visibility, tools, and processes to support more complete and proactive Demand & Capacity 

Management in the CC 
Á Strategically plan for CC asset information management improvements 
Á Establish plans for appropriately dedicating CC technology and architecture planning functions or roles 
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Á Develop a cyber-security and risk management strategy towards evolving the current practices for system 
visibility, risk assessment, decision making and compliance response 
 

In the long run, this strategy will help: 
Á Ensure replacement or maintenance actions result in no assets assessed as Critical Risk Level of failure, 

obsolescence, or noncompliance 
Á Critical systems meet their respective availability targets. 
Á Provide redundancy and deployment of the most important systems in a geographically diverse manner to 

help ensure continuity of operations in the event of loss of a control center. 

1.0   STRATEGY BACKGROUND  
 
The System Operations organization (TO) is responsible for the safe, reliable, and open access operation and 
dispatch of the high voltage transmission system and interconnected generation.  TO operates and manages two 
regional control centers, represents BPA on operations and other issues through participation in regional and 
national groups, and sponsors and supports Technology Innovation (TI) efforts within the operations arena. From an 
Asset Management standpoint, Operations includes 2 aspects ς ǘƘŜ άōǳǎƛƴŜǎǎέ ǎƛŘŜ ǘƘŀǘ ƛŘŜƴǘƛŦȅ ǘƘŜ ƴŜŜŘs and uses 
the asset system services, and the Operational Technology (OT) side that supports and manages the assets. 

1.1.   Business Environment  
The assets-focused side of TO supports lifecycle activities for asset systems that maintain and improve the tools 
ŀǾŀƛƭŀōƭŜ ŦƻǊ ǘƘŜ ǊŜƭƛŀōƭŜ ƻǇŜǊŀǘƛƻƴ ƻŦ .t!Ωǎ ǘǊŀƴǎƳƛǎǎƛƻƴ ǎȅǎǘŜƳΦ  System Operations is also responsible for the Grid 
Operations Information System Security Program (GO ISSP) which implements and maintains regulatory cyber 
security requirements applicŀōƭŜ ǘƻ ¢ǊŀƴǎƳƛǎǎƛƻƴ {ŜǊǾƛŎŜǎΩ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ŎȅōŜǊ ǎŜŎǳǊƛǘȅ ǎȅǎǘŜƳǎ ǳǎŜŘ ǘƻ ƻǇŜǊŀǘŜΣ 
control and protect the transmission system. 
 
Transmission Operations Strategy 
There are significant emerging expectations for evolving operations and how BPA manages the grid, increasing 
visibility, reliability, and flexibility. A number of strategy efforts and initiatives have emerged that are attempting to 
define the business direction that should be driving the CC asset strategy (e.g., emerging SmartGrid initiatives, 
Technology Innovation Roadmaps, Remedial Action Schemes (RAS) strategy, Commercial Operations initiatives, and 
Energy Imbalance Market (EIM) assessment. Translating and clarifying these strategic needs for CC assets is 
paramount to plan for their lifecycle demands. The draft of the recently developed System Operations Strategic 
Priority outlines intended outcomes and related risks for the following aspects that will set requirements for CC 
system assets: 

1. Reliability and Availability   
2. Integrated Analytical Capability 
3. Operational Planning   
4. Outage Flexibility 
5. Constraint Management 
6. Event Management 
7. Operations and Reliability Compliance Alignment 
8. Operations and Commercial Alignment 
9. Operations and Power Services (PS) Alignment  
10. Operations and Systems Infrastructure Alignment  
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The detailed success factors identified for these outcomes will speak to the range of operational, regional market, 
industry, regulatory, and security related requirements that CC system assets will need to meet over the next 5-10 
years. These include both sustaining the systems while implementing innovations and significant upgrades. 
Addressing the expectations for emerging these operational outcomes in time, and identifying the related workload, 
staff capacity, and budgets necessary will clarify the real Asset Strategy and Plan demands, offering BPA choices 
about how and by when to achieve them. 
 
Cyber Security, Compliance, and System Risk Management 
CC system assets and lifecycle activities, must meet a wide range of security and reliability requirements, including, 
but not limited to: 

Á NERC Reliability requirements for Operations that dictates many requirements for system services 
Á NERC Critical Infrastructure Protection (CIP) standards regarding the implementation and management of 

Grid systems 
Á Federal Information Systems Management Act (FISMA) law requiring federal agencies to follow minimum  

National Institute of Science & Technology (NIST)-based security control standards 

Á NERC Emergency Operations (EOP-008) standards 

Á Federal Coƴǘƛƴǳƛǘȅ 5ƛǊŜŎǘƛǾŜ όC5/ύ ǎŜǘǘƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ǘƘŜ ƴŀǘƛƻƴΩǎ ŎǊƛǘƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƻŦ aƛǎǎƛƻƴ 
Essential Functions (MEF) 

 
The last five years have been focused on evolving NERC CIP standards implementation, and increasingly, the CC 
program is focusing on FISMA-based security requirements. Significant attention to EOP-008 standards has emerged 
this last year, and FDC related requirements will be getting more attention in the next couple years. The 
continuously evolving nature of these requirements has imposed a significant workload increase on the CC staff to 
meet them for system implementations, O&M, and support service activities. It is also imposing an increase in the 
number of systems, equipment, and in some cases, new support functions. 
 
Perhaps a potential bright spot in this security and regulatory arena are Executive Directive-driven efforts to re-
invent the NIST standards in an attempt to consolidate and refine the various regulations above towards more 
effective, industry-based, and smart grid-enabling standards. The goal of this effort is to move the focus to risk 
management versus compliance, and work with agencies and industry to innovate and make critical infrastructure 
security and protection more effective. Some of the key advances in this area include the following works: 

Á Electricity Subsector Cybersecurity Risk Management Process 
Á Electricity Subsector Cybersecurity Capability Maturity Model (ES-C2M2) 
Á 9ȄŜŎǳǘƛǾŜ hǊŘŜǊ ŦƻǊ άLƳǇǊƻǾƛƴƎ /ǊƛǘƛŎŀƭ LƴŦǊŀǎǘǊǳŎǘǳǊŜ /ȅōŜǊǎŜŎǳǊƛǘȅέ 

Á NIST Discussion Draft for its Preliminary Cybersecurity Framework (August, 2013) 
 

1.2   Assets, Asset Systems and Criticality  
The CC Assets and supporting services include all the systems, tools, infrastructure and support services that are 
required to manage the transmission grid.  High reliability expectations require a 24/7 availability support model, 
and redundancy is built into most systems, both within the systems, and between the two CC sites. 
 
These assets and services span both control centers and are increasingly becoming identical at both CC sites. 
Increasing reliability and continuity requirements are continuing to drive all the aspects of the two control centers to 
be capable of mirroring operations in the event of an emergency or disaster. Today only a handful of less critical 
capabilities reside only at Dittmer. 
  

http://energy.gov/sites/prod/files/Cybersecurity%20Risk%20Management%20Process%20Guideline%20-%20Final%20-%20May%202012.pdf
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  Control Center 
Assets: 

Grid Ops system assets can be considered in the following layers: 
1. Operations System Services 
2. RAS Systems 
3. Data Center Infrastructure & Support Services. 
Á Computing Systems Infrastructure 
Á Network Systems Infrastructure 
Á Telecommunications Systems Infrastructure 
Á Physical Systems InfrastrǳŎǘǳǊŜ όάhǇŜǊŀǘƻǊǎέΣ set Facilities Asset Management 

(FAM) requirements)   
                      
 
 

 
Program Profile:  These asset groups comprise a total of approximately* 80-85 unique system assets that 
ǎǳǇǇƻǊǘ ǎǇŜŎƛŦƛŎ ΨǎŜǊǾƛŎŜǎΩΦ ! ǎȅǎǘŜƳ ŀǎǎŜǘ ƛǎ comprised of many layered components and the mix of these 
component lifecycles states (age and vendor support), business services demands, and security requirements 
determine their lifecycle replacement plans. 
   Asset Count Description 

Operations 
System 
Services 

~37 
systems 

Systems that directly enable management, monitoring, decision-support, and 
analysis of the grid. This first layer is comprised of the individual systems that 
directly serve Operations business users, or communications between the systems 
and customers. Each has its own service and set of functions it delivers. All of these 
systems transverse the other infrastructure layers for Data Center hardware, 
network, and communications support and/or components, but they are grouped 
here for the type of business services that they support. This section is most focused 
on the software and application side of the assets, and the strategies to better 
enable business functionality.  While hardware lifecycle standards influence the 
specific lifecycle replacement plans for these systems, the unique mix of component 
and business needs of each system sets their specific lifecycle plan. 

RAS Systems 6 
systems 

Though the RAS systems have similar vertical layers as the other Ops Services 
systems, in this strategy the RAS systems are treated as a unique category as there 
are unique issues and requirements that drive RAS strategy, technology, lifecycle 
planning, and processes. More than most other Grid Ops systems, RAS is diversely 
shared across Transmission groups for asset strategy and lifecycle activities. 

Data Center 
Infrastructure 

~43 The 2 Data Centers are tightly coupled with each highly secure CC site. It includes 
Data Center Infrastructure (i.e., computing hardware, telecomm, networks, and 
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& Support 
Services 

critical facilities) and monitoring and management systems that support Ops 
Systems across the data centers. The Control System Monitoring (CSM) and other 
support functions offer 24x7 real-time monitoring and support for the dispatch 
functions. It also includes planning, testing, physical and electronic access control, 
procurement, asset management, quality assurance and other key support 
functions. Critical Facilities are increasingly supported by the FAM Program, but the 
// ǎǘƛƭƭ Ƴŀƛƴǘŀƛƴǎ ΨƻǇŜǊŀǘƻǊΩ ŀƴŘ ΨǊŜǎǇƻƴŘŜǊΩ ǎǘŀǘǳǎ ŀƴŘ ƳƻǊŜ ƘŀƴŘǎ-on for most of 
them, including critical and emergency power systems. 

*Note: CC systems count is evolving as new and emerging systems are being deployed, retired, and/or reconfigured through the year.  

 
Criticality  
The security categorization results for control center information and information systems are mandated by Federal 
Information Processing Standards (FIPS) 199.  They are identified by using the steps outlined in NIST SP 800-60 Guide 
for Mapping Types of Information and Information Systems to Security Categories: 

1. Identify Information Types  
2. Select Provisional Impact Levels for Loss or Compromise  
3. Review and Adjust/Finalize Impact Levels  
4. Assign System Security Category 

The table below lists the control center information types and the BPA final adjusted potential impact levels to BPA 
operations, assets, or individuals in the event of a loss of confidentiality, integrity, or availability based on the 
provisional impact levels established in NIST SP 800-60. 

 
  

 

Information Type 

Potential Impact 

Confidentiality 
(L/M/H) 

Integrity 
(L/M/H) 

Availability 
(L/M/H) 

1.  Energy Supply - Business Moderate Moderate Moderate 

2.  Energy Supply ς Real-Time Control Moderate High High 

3.  Energy Supply ς Real-Time Dispatch Support Moderate Moderate Moderate 

4.  Energy Supply - Dispatch Training Moderate Low Low 

5.  IT Infrastructure Maintenance High Moderate Moderate 

6.  System Development and Maintenance Moderate Moderate Low 

7.  Security Management Moderate High Moderate 

8.  Contingency Planning Moderate Moderate Moderate 

9.  Lifecycle/Change Management Low Moderate Low 

10. System and Network Monitoring Moderate Moderate Moderate 
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The FIPS 199 criteria for establishing potential impact levels are outlined as follows: 
 

Impact Control Center Primary 
Functions 

Asset Damage or Financial Loss Harm to Individuals 

High 

[severe] 
Cannot perform one or more 
primary function 

Major Loss of life or life threatening 
injuries 

Moderate 

 [serious] 

Effectiveness is significantly 
reduced. 

Significant Significant but does not involve 
loss of life or life threatening 
injuries. 

Low 

[limited] 
Effectiveness is noticeably 
reduced. 

Minor Minor 

 

The system security category is assigned based on the highest potential impact of all the information types stored, 
processed, or passed through the information system. Note that based on the FIPS 199 criteria, there are currently 
ƴƻ ǎȅǎǘŜƳǎ ƛŘŜƴǘƛŦƛŜŘ ŀǎ Ψ[ƻǿΩ ǇƻǘŜƴǘƛŀƭ ƛƳǇŀŎǘΣ ǘƘƻǳƎƘ ǘƘƛǎ ƛǎ ŎǳǊǊŜƴǘƭȅ ōŜƛƴƎ ǊŜŜǾŀƭǳŀǘŜŘΦ ϝLƴŎǊŜŀǎƛƴƎƭȅΣ ƘƻǿŜǾŜǊΣ 
based on evolving interpretations of the NERC CIP-002 and FISMA standards, more systems are being designated as 
άƘƛƎƘέ ŜŀŎƘ ȅŜŀǊΦ ¢Ƙƛǎ ƛǎ ƛƴ ǇŀǊǘ ŘǳŜ ǘƻ ǘƘŜ ƛƴǘŜǊŘŜǇŜƴŘŜƴŎƛŜǎ ōŜǘǿŜŜƴ ǘƘŜǎŜ ǎȅǎǘŜƳǎ ŦƻǊ ŘŀǘŀΣ ŀǳǘƘŜƴǘƛŎŀǘƛƻƴΣ ŀƴŘ 
operations coordination. Given this criticality schema, the following generally reflects importance of system types:    

Criticality  
 

Low Moderate High 

n/a After-the-fact (versus  real-time) 
analysis systems 

Systems that offer real-time grid visibility and 
control 

 Systems that exchange data with 
other entities 

Systems that enable cross-CC and/or utility 
communications and data exchange 

 Lightning monitoring and Fault 
location systems 

Data Center infrastructure, like networks, 
environment management and monitoring.  

 Training systems  

!ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ b9w/ /Lt ǇǊƻŎŜǎǎ ŦƻǊ ƛŘŜƴǘƛŦȅƛƴƎ b9w/ ά/ǊƛǘƛŎŀƭ /ȅōŜǊ !ǎǎŜǘǎέ ƻǊ //!ΩǎΣ Ŝƴǘŀƛƭǎ ŘŜǘŜǊƳƛƴƛƴƎ ǿƘƛŎƘ 
systems are essential to the reliable operation of the Bulk Electric System (BES). If a system meets any one of the 
following criteria, it is considered a NERC CCA: 

1. Used in supervisory or autonomous control impacting reliable operation of the Critical Asset? 
2. Displays/transfers/contains information relied upon to make real-time decisions impacting reliable 

operation of the Critical Asset? 
3. Loss, degradation or compromise impacts the reliable operation of the Critical Asset? 

2.0   THE STRATEGY 

2.1   Current State 
One of the unique challenges with CC is that its system assets performance and lifecycles are more driven by 
business, industry, and regional evolving demands than they are failures or obsolescence. The CC program still has 
significant sustain-based workload and challenges keeping up with necessary, short-lifecycle upgrades, but these 
other demands are a key influencing factor in the actual performance expectations and lifecycle plans of each 
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ǳƴƛǉǳŜ ǎȅǎǘŜƳΦ DŜǘǘƛƴƎ ŀ ōŜǘǘŜǊ άƭƛƴŜ ƻŦ ǎƛƎƘǘέ ǘƻ ǘƘƛǎ ǊŀƴƎŜ ƻŦ ōǳǎƛƴŜǎǎ ŘŜƳŀƴŘǎ ŀƭƭ ǘƘŜ ǿŀȅ ǘƻ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ǎȅǎǘŜƳ 
service strategies and lifecycle plans is a key gap the CC program needs to fill. 
 
As indicated below in section 2.1.1, the CC program has made some important progress in developing asset System 
{ŜŎǳǊƛǘȅ tƭŀƴǎ ό{{tΩǎύ ŦƻǊ ƎŀƛƴƛƴƎ ǎȅǎǘŜƳ Ǿƛǎƛōƛƭƛǘȅ ŀƴŘ ǎǘŜǇǎ ǘƻǿŀǊŘǎ ǎŜŎǳǊƛǘȅ Ǌƛǎƪ ŀǎǎŜǎǎƳŜƴǘǎΣ ŀƴŘ ǘƘŜ ƭƛŦŜŎȅŎƭŜ 
planning is now steadily eǾƻƭǾƛƴƎΦ IƻǿŜǾŜǊΣ ǳƴǘƛƭ // Ƙŀǎ ǘƘŜǎŜ ŘƻƴŜΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ƛƳǇǊƻǾŜŘ άƭƛƴŜ ƻŦ ǎƛƎƘǘέ 
mentioned above, the true asset health, risk, and lifecycle demands priorities (capital and expense) picture is not 
complete. The current expectation is to complete this gap in FY2014 for a more complete Asset Plan and Risks 
picture.  
 
Capital makes up a relatively small portion of the program focus and needs ς not all of CC asset work is capital, and 
much of it ends up driven and/or funded outside of the CC capital budget. Upgrades sometimes get pushed out for 
other priorities and given the majority of the CC staff priority is on operations and maintenance, upgrade and 
project work takes second priority to O&M and urgent compliance initiatives. 

2.1.1   Program Accomplishments  for FY2012 -2013  
 
Fiscal Year 2012 

Á Sustain projects focused on upgrades and standardization between sites, funded by the CC capital program 
Î Integrated Curtailment & Redispatch System (iCRS) redundancy implemented at Munro Control 

Center (MCC). 
Î Urgent SQL storage expansion to capture current system logs for new FERC Audit requirements  
Î MCC Uninterruptable Power Supply (UPS) upgrade 
Î MCC LAN desk deployment at Munro for standardized patching and compliance 
Î WebFG Windows upgrade  
Î Firewall system upgrade 

 
Á Expansion and/or Significant Upgrade Projects Funded by other Capital Programs 

Î Real-time Operations Dispatch & Scheduling (RODS) system Retirement major deployment 
milestones met in FY2012, including Data Exchange (DEX) system implemented to replace the legacy 
system functionality.  

Î Kickoff and early design stages of Synchrophasor through FY2012. 

Á Participation in the Integrated Control Systems Strategy (ICSS) development effort aimed at aligning the PSC, 
SPC, and CC asset programs. 

Á By the end of the year, CC defined and kicked-off a FY2013 Program Work Plan aimed at accomplishing the 
following key Asset Management Targets: 

Î Significant Strategy revision/evolution 
Î Asset Risk Assessment Initiative ς ŘŜǾŜƭƻǇƛƴƎ {ȅǎǘŜƳ {ŜŎǳǊƛǘȅ tƭŀƴǎ ό{{tΩǎύ ŀƴŘ ǎȅǎǘŜƳ ŀǎǎŜǘ 

Lifecycle Plans towards creating a risk-based Program Asset Plan. 
Î Outlined a draft Strategic Asset Information Management (SAIM) strategy - targets were to revise, 

approve, and identify a strategic roadmap in FY13 
Î 5ŜŦƛƴƛƴƎ ǘƘŜ ǇǊƻōƭŜƳǎΣ ƻōƧŜŎǘƛǾŜǎΣ ŀƴŘ ǊŜŎƻƳƳŜƴŘŜŘ ƛƳǇǊƻǾŜƳŜƴǘ ǊƻŀŘƳŀǇ ǎǳǊǊƻǳƴŘ ǘƘŜ //Ωǎ 

Demand and Capacity management issues 
 
Fiscal Year 2013 

Á Sustain projects focused on upgrades and standardization between sites, funded by the CC capital program 
Î Dittmer Control Center (DCC) Generator Breaker replacement  
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Î NERC EOP-008 required Emergency Ops implementations and test. 
Î DCC Data Center Power Distribution Unit (PDU)-TLM Panel replacement 
Î SCADA Inter-Control Center communication Protocol (ICCP) Windows upgrade  
Î Video Wall Controller upgrade. 
Î DCC Cell Phone Repeater upgrade 
Î Active Directory upgrade 
Î Network Device Authentication and management tools deployed.  

Á Expansion and/or Significant Upgrade Projects Funded by other Capital Programs 
Î RODS Retirement - Energy Accounting system replacing RODS functionality.  
Î RAS Direct Current (DC) - The second phase of RAS DC completed with the testing period, 

preparatory step for the installation of the RAS DC controllers in the next phase.  
Î Synchrophasor ς Completed Key Agency Target for archiving PMU data from substations and wind 
ǎƛǘŜǎ ƻƴ ǘƘŜ 5// tǊƻŘǳŎǘƛƻƴ tL {ŜǊǾŜǊ ŀƴŘ ²9//Ωǎ ōŀŎƪǳǇ wŜƭƛŀōƛƭƛǘȅ /ƻƻǊŘƛƴŀǘƻǊ ƛƴ [ƻǾŜƭŀƴŘΣ /hΦ 
Designed and implemented part of the new PMU Network management systems and functions 
required to support this new network. 

Î OMET ς Met target for completing the preliminary requirements and technology design and testing 
stages.  

Î Munro Scheduling Center (MSC) ς design and implementation engagement to support meeting the 
MCC building expansion targets. 

Á FY2013 Program Work Plan Accomplishments: 
Î Completed significant revisions of the program strategy, better framing up the scope of the CC 

program, the asset system service strategies, and more significant analysis around governance & 
support strategies addressing key program risks. 

Î Significant coordination with the FAM program towards joint asset planning for the CC Critical 
Facilities assets. 

Î Completed about 63% of the System Security Plans targeted for 9/30/2013 ς ǘƘƛǎ ƛǎ ŀ ΨȅŜƭƭƻǿΩ 
progress indicator, but planned completion is expected to make 80-100 % (green) by the end of 
FY2014 Q1 as planned. 

Î Evolved the system lifecycle plan templates, risk methods, and data collection process, and have 
begun to ramp up on coordination to complete them. 

Î Evolved SAIM objectives internally. Additional achievements to consolidate some inventory data 
across the TO groups. 
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2.1.2   Cost History  

 
 
 

Historical Actuals - Capital 
      Dollars in '000 

        
         Equipment Category FY07 FY08 FY09 FY10 FY11 FY12 FY13 Total 

CC - Upgrade & Add* $490 $4,116 -$325 $981 $726 $339 $3 $6,330 

CC Infrastr components $1,594 $225 $497 $400 $3,562 $2,365 $3,223 $11,866 

CC System & Application $2,003 $2,064 $1,239 $935 $619 $863 $1,478 $9,201 

Total $4,087 $6,405 $1,411 $2,316 $4,907 $3,567 $4,704 $27,397 

*Expand Program Dollars 

         

Historical Actuals - Capital 

Á Today, CC typically has the capacity to execute about $5-7 million per year in capital work, depending on the 
amount of large infrastructure upgrade work occurring. Except for RAS work, projects are typically executed 
by all TO staff, so it is mostly a TO demand-capacity planning issue to complete capital work.  
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Historical Actuals - Expense 

      Dollars in '000 

        
         Equipment Category FY07 FY08 FY09 FY10 FY11 FY12 FY13 Total 

Ops Systems $5,124 $5,393 $5,163 $6,408 $7,695 $8,173 $8,916 $46,872 

Data Center/Infrast $4,555 $5,887 $7,382 $6,590 $8,735 $7,373 $7,743 $48,265 

Total $9,679 $11,280 $12,545 $12,998 $16,430 $15,546 $16,659 $95,137 

 
Historical Actuals - Expense 

Á Note that expense costs above were extrapolated from organization budgets and accounts based on 
assumptions on asset-specific work (including security and compliance activities). 

Á Expense costs include labor and materials for a broad base of activities, such as: 
Î Minor system enhancements and configuration changes 
Î Minor system upgrades and additions (not capital eligible) 
Î System requirements and preliminary design stage work (not capital eligible) 
Î System break-fix and 24/7 real-time user support  
Î Security-related monitoring, documentation, and projects 
Î O&M work orders for standard system maintenance work 
Î Compliance activities 
Î Technology training and travel 
Î Inter-site travel 
Î Service contracts 
Î Spares pool replenishment 

 

2.1.3   Health of Current Assets (Current Condition & Performance)  
As mentioned above, having a clear understanding of current condition, performance standards, and system 
lifecycle plans for improved, risk-based asset planning is not complete. The following reflects what is known at this 
time. 
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Important Lifecycle Aspects of CC System Assets: 
Á The rate of technology change has been accelerating resulting in equipment and infrastructure life spans are 

significantly shorter than in the past.   

Á Asset systems in the CC comprise multiple components:  applications, operating systems, servers and in 
some cases, other hardware. 

Á ¢ƘŜ ǎȅǎǘŜƳǎΩ ŎƻƳǇƻƴŜƴǘǎ ŀǊŜ ŦǊŜǉǳŜƴǘƭȅ ǎƻ ƛƴǘŜǊŘŜǇŜƴŘŜƴǘΣ ǘƘŀǘ ǘƘŜ ǊŜǇƭŀŎŜƳŜƴǘ ƻŦ ƻƴŜ ŎƻƳǇƻƴŜƴǘ 
typically requires replacement of one or more of the other components.  

Á There are interdependencies between field and master component installations, requiring long-term 
planning and execution for replacement strategies. Many systems and technologies must be supported past 
their normal end-of-life to accommodate this, and often parallel support is required for both the old and 
new systems in the CC until field units are upgraded. 

Á Where possible, the CC uses commodity servers and hardware, and keeps spares available on-site.  

Á Most of the systems in the control centers operate on the MS Windows OS, and there is an effort to migrate 
most remaining systems to MS Windows where possible.  

Á Server and workstation hardware, and related operating system standards are an early guide towards 
lifecycle replacement at seven years (for Windows systems). This is usually the longest a CC system can 
operate without a significant upgrade of its components. This component standard is recognized in the data 
center hardware and software lifecycle management processes across the CC computing environment based 
on support and manageability, and is an initial guide to evaluating the ǊŜƳŀƛƴƛƴƎ ŦŀŎǘƻǊǎ ƛƴ ŀ ƎƛǾŜƴ ǎȅǎǘŜƳΩǎ 
lifecycle plan. 

Á ! ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǎǳǇǇƻǊǘ ƻŦ ǘƘŜƛǊ ǎƻŦǘǿŀǊŜ ŀǇǇƭƛŎŀǘƛƻƴǎ Ŏŀƴ ōŜ ǳƴǇǊŜŘƛŎǘŀōƭŜ ς after purchasing of a 
software application the vendor can discontinue support without notice. 

Á Historically, long-term maintenance and support costs for new systems and infrastructure are not 
adequately assessed, planned, or allocated when the investments are approved. 

 
Lifecycle Plans 
Today, the lifecycle plan effort is evolving the assessment and scoring method to break down the various 
performance aspects of the systems, and more specific criteria for assigning risks scores towards meeting them. The 
sum of these scores will provide a ƳƻǊŜ ǎǇŜŎƛŦƛŎ ǎŜƴǎŜ ƻŦ ǊŜƭŀǘƛǾŜ ΨIŜŀƭǘƘΩ ŀƴŘ Ǌƛǎƪǎ ƻŦ ǘƘŜ ŀǎǎŜǘǎΦ  ¢ƘŜ Ǌƛǎƪ ǎŎƻǊƛƴƎ 
method is discussed further in sections below. With the absence of this visibility today, asset priorities are identified 
and prioritized in the project portfolio process, and are generally prioritized by most urgent compliance or upgrade 
to be addressed.  
 
Current Project Portfolio Priorities 
Today, the project portfolio is a growing list of projects that is in constant flux due to urgent priorities. The backlog 
of work is growing, and the most urgent projects are the ones that get priority by default. The prior asset strategies 
(and related risk priorities method) did not offer an effective way to incorporate the risk method into the project 
process or vice versa. The intent is that the new lifecycle planning, and the roll-up of identified priorities and 
funding/staff requirements, will offer a better way to consistently log, incorporate, and prioritize new pop-up 
projects, and offer better visibility of the relative importance and total demands of all those priorities.  
 
Current projects identified in the fiscal year implementation plan as of 9/30/2013, and their asset risk drivers, are 
reflected in the 3.1  10 Year Implementation Plan section below. The majority of the CC work is sustain based.  A 
small portion of the work is categorized as expansion work and is typically comprised of upgrades necessary to meet 
compliance or policy driven requirements. 
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2.2   Future State 

2.2.1   Key asset performance objectives, measures and targets  
The CC Asset Performance & Management Objectives identified in FY2010 and still applicable are listed in the table 
below. While these sustain-focused objectives remain accurate and sufficient to the CC asset program, notions of 
the measures, end stage targets, and strategies to meet them are evolving. 
 

Asset Performance Objectives 

Category Performance Objective Measure End Stage Target 

Reliability & 
Compliance 

Replacement or maintenance 
actions result in no assets 
assessed as Critical Risk Level 
of failure, obsolescence, or 
noncompliance 

Assets that result in a 
combined Critical Risk Level 
rating per the CC Risk 
Assessment methodology*.  

No assets are assessed at 
ŀ ŎƻƳōƛƴŜŘ ά/ǊƛǘƛŎŀƭέ wƛǎƪ 
Level rating 

Availability Critical systems meet their 
respective availability targets 

Annual average of 
scheduled and unscheduled 
outages of any one 
instance/site or component 
of the system 

Currently, the following 
systems have targets set: 

Á SCADA: Available 
99.95% per FY**   
    

Á AGC: Available 
99.975% per FY** 

Availability In addition to being 
redundant, the most 
important systems are 
deployed in a geographically 
diverse manner to help ensure 
continuity of operations in the 
event of loss of a control 
center. 

All NERC CIP Critical Cyber 
assets are fully redundant at 
both sites. 
 
 

Target currently met. 

*See Asset Health & Risk Assessment method and criteria outlined in section 2.3.1. 
** Measures include average total planned and unplanned outages per year, measured and accumulated weekly. 

 
There may be a need to evolve the objectives in FY2014 to incorporate some of the following themes and issues: 

Á BPA strategies and business requirements for Operations are clarified such that asset service demands (their 
performance expectations) are planned for success. 

Î Beyond sustain, the CC systems need to be planned for all lifecycles activities, including BPA-driven 
expansion in Operations business capabilities and technology innovations. A significant portion of CC 
assets are being targeted for various forms of expansion and innovation within upgrades, and there 
ƛǎ ŀ ƴŜŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘƛǎ ōŜǘǘŜǊ ǘƻ ƳƻǊŜ Ŧǳƭƭȅ ōŀƭŀƴŎŜ ǘƘŜ ǎǳǎǘŀƛƴ ŀƴŘ ΨǘǊŀƴǎŦƻǊƳΩ ŀǎǇŜŎǘǎ ƻŦ ǘƘŜ 
asset plans, and the related requirements it will take to achieve them within this largely O&M-
focused organization. 

Á FƻŎǳǎ ƻƴ άǎŜŎǳǊƛǘȅέ Ǌƛǎƪ ŀǎǎŜǎǎƳŜƴǘǎΣ ǾŜǊǎǳǎ Ƨǳǎǘ ŎƻƳǇƭƛŀƴŎŜ. Compliance reaction-based behavior does not 
typically focus on achieving the right practices for secure and managed assets.  

Î As discussed above, the feds and industry are focused on evolving and re-enforcing both innovation 
and rigor in this area to get Agencies focused on sound asset and risk management towards ensuring 
achievement of Federal and business objectives versus imposing multiple compliance drills. There is 
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heavy emphasis on enabling secure SmartGrid technologies. From a criticality and redundancy 
standpoint, need to clarify ǿƘŀǘ ǘƘŜ άƳƻǎǘ ƛƳǇƻǊǘŀƴǘέ ŜǉǳŀǘŜ ǘƻ ŀƴŘ ǘƘŜ ŎǊƛǘŜǊƛŀ όƛΦŜΦΣ Ƴŀȅ ƴƻǘ ōŜ 
Ƨǳǎǘ //!ΩǎύΦ 

Á Identifying a more explicit itemization of the range of requirements each asset system is expected to meet in 
its performance expectations and lifecycle plans, including a range of regulatory and BPA requirements for: 

Î Cyber Security standards, including DOE directives, FISMA/NIST and NERC CIP 
Î All NERC Reliability Requirements for Operations that are directly supported by systems, including 

Emergency Ops Procedures (EOP08). 
Î Federal Continuity Directives (FCD Mission Essential Functions #23/24) requirements 
Î BPA Transmission Technical Standards where appropriate for communication and control assets in 

the CC. 
 

2.3   Asset Condition/Performance Gaps  
An understanding of the following key items will drive clarification of asset performance objectives, system 
condition and performance expectations, and the related risks: 

1. Strategic demand planning to connect BPA/Operations Strategy requirements to system services (System 
Lifecycle Plans for services expectations).  

2. System Lifecycle Plans for system health and risk identification. 

3. Clarify the need to expand on availability standards for other/more systems, and determine process 
requirements for monitoring against them. 

The table of projects shown below in section 3.1 currently serves as the list of known performance gaps and issues, 
largely driven by the most urgent cyber security, compliance, and upgrade issues. As the above tasks are completed, 
data-driven current and future state risk maps will be enabled. 
 
Evolving Asset Assessment Methods 
The previous strategies contained an Asset Health Risk Assessment table and methodology that ranked risks of 
Obsolescence, Failure, and Noncompliance for each system, multiplied the sum of those by the impact severity level 
of loss of the system, and then prioritized them in order of risk scores. This was a rudimentary, gut-feel process for 
assigning scores and capturing reasoning and risks. The image below is a partial/sample snapshot of the resulting 
risks table. The evolving lifecycle plans and related risk scoring will enhance this described method. The expectation 
is that the asset health demographics, risks, and gaps will be better understood. The resulting Risk Assessment table 
shown below will be relatively similar, but with some improvements. Additionally, the CC program will be 
undergoing the Total Economic Cost evaluation of the risks associated with CC assets in the spring of 2014. This will 
result in potential new strategic alternatives and will drive a more quantified risk-informed strategy in the future. 
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Á Asset Health Assumptions include: 
Î Assets are given Health ratings that take into account all of their components and the various levels 

of compliance requirements for CC systems 

Î Likelihood of failure are indicated by instances of component failures or intermittent system outages 
(i.e., a hard drive fails repeatedly). 

Î Likelihood of obsolescence are indicated by loss of vendor or staff support, or problems with 
interoperability (i.e., vendor support is discontinued for a component, or component will not 
interoperate with other key components or systems). 

Î Likelihood of noncompliance is indicated by technical feasibility of components or systems to 
comply with regulatory requirements, including NERC CIP, FISMA, EOP-008. 

Á Impact Assumptions include: 
× The FISMA-required FIPS 199 Classification (discussed in the Criticality section above) for each asset 

was used to set this score. 

× Catastrophic/High = 3  όƛƴŎƭǳŘŜǎ ŀƭƭ b9w/ /Lt //!ΩǎΣ ŀǎ ǿŜƭƭ ŀǎ ƻǘƘŜǊǎ ōȅ ǘƘƛǎ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴύ 

Á Risk Level = Health X Impact, reflected as Critical, Moderate-High, and Low 

2.3.1   Risks to meeting the objectives   
In FY2010, the CC conducted a risk assessment survey to identify the biggest risks to meeting the identified 
objectives.  The process completed the following steps per the .t!Ωǎ risk methodology: 
Á Risks to achieving asset management goals and objectives 
Á Risk identification/definition (23 total risks) by team  
Á SME analysis and surveyed prioritization of top 11 

Á Selection of top 5 for improvement 
 
The most significant risks to achieving the objectives of the asset strategy are all related to constrained resources in 
light of skills and knowledge sustainability, O&M versus replacement and expand workload, and increase in 
competing priorities. These top 5 risks (listed in the table below) are still relevant today and paramount to address in 
the CC asset strategy. 
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Results of Risk Assessment Survey   
Likelihood X 

Impact    Risk:  Description:  

1 Projects are approved and 
funded without a 
corresponding 
commitment to operations 
and maintenance, both in 
terms of expense dollars 
and support staff.  

The control center has a finite number of staff with operational expertise. This 
staff must support both operations and maintenance as well as function as 
primary implementers of new projects. Continued growth in the number of 
systems requiring support will invariably necessitate less time dedicated to new 
project work, causing project delays. 

20.45 

2 NERC/WECC and FISMA 
compliance effort. 

NERC/WECC and FISMA requirements continue to increase the workload on TO 
staff. This pertains to implementing standards, system monitoring, reporting, and 
audit preparation. Improper or incomplete NERC-CIP related processes or 
documentation leads to sanctions and/or new mitigation work. This work then 
competes with other projects for resources. This results in failure to meet 
established schedules, increased net costs and inability to spend capital funds 
per fiscal year budget. 

19.71 

3 Commitments to new 
initiatives (e.g. WIT, 
Synchrophasor) 

Significant commitment to these programs leads to unanticipated expansion 
work, as well as long-term support work. This diverts staff from existing Control 
Center systems and operations work.  These commitments typically have 
aggressive timelines. 

18.24 

4 TO staff retire, quit or 
transfer before succession 
planning can occur. 

The skill set required to maintain, operate and implement Control Center systems 
is highly specialized. There is a heavy reliance on contracted retired BPA 
employees to meet many of these needs. Finding or training staff with the 
expertise needed would be difficult and time consuming (6-24 months) without 
the added constraints of a staffing cap. The result is a reduction in system 
support and delays in new project work. Increasing reliance on contracting staff 
is an additional risk to maintaining core systems knowledge. 

17.01 

5 The continued 
maintenance of a range of 
old and new technologies 
with current staff. 

Maintaining a range of old and new technologies increases the institutional 
knowledge and technical expertise required to support it. This impacts staff 
requirements, cross-training and re-usability of system components. 

14.45 

 
In FY2013 strategy development work, the CC strategy expanded the above risks to recognize gaps in άGovernance & 
Supportέ ŎŀǇŀōƛƭƛǘƛŜǎ όŀǎǎŜǘ ƳŀƴŀƎŜƳŜƴǘ άŜƴŀōƭŜǊǎέύ ǘƘŀǘ ƴŜŜŘ to be addressed over the long term, summarized in 
the following areas: 
Á Increasing BPA-wide demands on the CC assets and staff, requiring more cohesive strategic direction and 
άƭƛƴŜ ƻŦ ǎƛƎƘǘέ ǘƻ ǘƘƻǎŜ ŘŜƳŀƴŘǎΣ ŀƴŘ ǿƛǘƘ Ǿƛǎƛōƛƭƛǘȅ ǘƻ ǘƘŜ ǘƻǘŀƭ ǊŀƴƎŜ ƻŦ ŘŜƳŀnds and their relative priority 
to the strategic business goals.  

Á Adopting a ά{ŜǊǾƛŎŜǎέ ǾƛŜǿ ǘƻ ǎȅǎǘŜƳ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ ǎŜǊǾƛŎŜ ƳƻŘŜƭ ǇƭŀƴƴƛƴƎ ςwith clear and 
documented current-day system demands and requirements. Evaluating the service model towards a 
άsŜǊǾƛŎŜ ŘŜƭƛǾŜǊȅέ ŦƻŎǳǎ ǿƛƭƭ ƘŜƭǇ ƛŘŜƴǘƛŦȅ ƪŜȅ ŀǊŜŀǎ ƻŦ needed efficiency, skills and staff planning 
expectations, and identifying the appropriate level of support needs (functions, processes, FTE) that impact 
CC workload and delivery capability. This ƛƴŎƭǳŘŜǎ ŎƭŀǊƛŦȅƛƴƎ ǎȅǎǘŜƳ ά!Ǿŀƛƭŀōƛƭƛǘȅέ ŜȄǇŜŎǘŀǘƛƻƴǎ ŀƴŘ ǊŜƭŀǘŜŘ 
monitoring. 

Á Enabling visibility and practices for more coordinated and proactive work demand & resource capacity 
management, supported by appropriate level of tools and staff ς there is need for visibility to the complete 
range of lifecycle activity demands being made for the CC assets and their support staff. Current processes 
and tools are not sufficient to support managed and cohesive receipt, characterizing, routing and 
prioritization of work requests in relation to staff capacity.  

Á Enabling efficient access to accurate, complete and integrated CC asset information sufficient to support 
proactive and compliant asset inventory, planning, risk management, and audit response. The CC program 
needs to define a path for maturing asset Configuration Management practices and program support, and 
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then integrating other basic lifecycle information for a more holistic view to asset health, risks, costs, and 
planning decisions. This is essential for maturing good asset management and security practices. 

Á Establishing dedicated CC architecture planning functions ς the CC staff bandwidth is largely consumed by 
operations and maintenance activities, with a small percentage towards technology and architecture 
planning. CC is challenged with inadequate architecture staffing to spend sufficient time to plan future, 
cohesive architectures that ensure recognition of all the strategic and security requirements, and that are 
well coordinated with other groups, including through the Integrated Control Systems (ICS) Councils 
processes. 

Á Implementing better practices and tools to plan for Communication & Control systems as complete 
systems -- The CC, PSC, and SPC assets make up these closed-loop assets that really funcǘƛƻƴ ŀǎ ŀ ΨǎŜǊǾƛŎŜΩ 
for operations. Though coordination and efforts via the ICS Councils are aimed at improving this area, the 
data systems, planning and design processes, and compliance view to these systems are still relatively 
separate.  The CC needs to ǇǊƻǾƛŘŜ ƭŜŀŘŜǊǎƘƛǇ ƛƴ ǘƘƛǎ ŀǊŜŀ ǘƻ ŎƭŀǊƛŦȅ ǘƘŜ ΨǎŜǊǾƛŎŜΩ ŜȄǇŜŎǘŀǘƛƻƴǎ ŀƴŘ ǇǊƻǾƛŘŜ 
planning functions to bridge the architecture coordination gap that exists for these systems.   

Á Adopting a risk management approach to system security ς Compliance tends to get the priority for staff 
work and interpretations for security implementation, and tends to be reactive. A new focus and cyber 
ǎŜŎǳǊƛǘȅ ǎǘǊŀǘŜƎȅ ƛǎ ƴŜŜŘŜŘ ǘƻ ƛŘŜƴǘƛŦȅ άǎŜŎǳǊƛǘȅ-ŦƛǊǎǘέ ōŀǎŜŘ ǇƭŀƴƴƛƴƎ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴǎ ǘƘŀǘ ǿƛƭƭ ƳŜŜǘ 
longer-term goals and demands and grow risk management practices around system services, versus short-
term compliance requirement interpretations. 

Á Establishing a CC data management program that establishes standards, architecture, and strategic 
service direction. CC system data is in high demand by many at BPA. As new systems are added and evolve, 
the data interdependencies between systems becomes more complex and poses both risks as well as 
challenges to improving standardization, manageability, and service models. System inventory and 
configuration data is another aspect of CC data management challenges. Currently, the CC does not have a 
coordinated and recognized data management program to establish CC-wide data standards, plan sound 
and consistent data architectures, and offer cohesive and streamlined data management services to meet 
the range of demands.   

Á LŘŜƴǘƛŦȅƛƴƎ ŀƴŘ άƛƴǎǘƛǘǳǘƛƻƴŀƭƛȊƛƴƎέ ŎƭŜŀǊ ƻǊƎŀƴƛȊŀǘƛƻƴŀƭ ŀǎǎŜǘ ǎǘǊŀǘŜƎȅ ŀƴŘ ǇƭŀƴƴƛƴƎ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ŘǊƛǾŜ 
and better integrate project portfolio management priorities and activities. Completion of the lifecycle and 
program asset plan, as well as completing the strategic demand planning, will better define asset service 
expectations. As this work is completed, processes and roles to better integrate more formal CC methods for 
asset strategy and planning management need to be established. 

Other uncertainties 
Á Major change initiatives such as the Energy Imbalance Market decisions and direction, changing security and 

continuity requirements, and other regional process and innovation expectations will be taken into account 
as the CC strategy evolves. 

2.4   Strategic Approach to Closing Gaps 
In summary, the asset performance objectives are: 
Á Replacement or maintenance actions result in no assets assessed as Critical Risk Level of failure, 

obsolescence, or noncompliance 

Á Critical systems meet their respective availability targets 

Á In addition to being redundant, the most important systems are deployed in a geographically diverse manner 
to help ensure continuity of operations in the event of loss of a control center 
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The following strategic approach and identified targets will get the CC program closer to achieving this future state 
and improving asset management practices, including the evolution of the full asset demands (beyond sustain) that 
are expected from CC assets. 

2.4.1   Strategic Approach 
 

Asset Life Cycle & Performance Strategies 

1. Complete Lifecycle Plans for every system and update them at least annually.  The lifecycle plans 
development was a target of FY2013, and are targeted to be complete for all systems before the end of 
FY2014 Q3. A new expanded element of this picture will include an understanding of the various lifecycle 
activity demands and gaps, including O&M, minor enhancements, upgrades, and major expansion work. 
Reflecting these lifecycle activities in relation to the expected performance, including demands to expand 
those assets to meet evolving business needs, must be identified in the asset performance picture for these 
short-lifecycle assets.  

Á The risk assessments will be consistent with .t!Ωǎ risk management policies. 
Á Lifecycle Planning, including risk assessments, will be refreshed at least annually. 
Á The lifecycle plans culminate to the Program Asset Plan, which identifies all the asset risk priorities 

before they become projects and supports more proactive and visible priority management, as well 
as strategic capability planning.  

Á This work is also expected to support the Transmission Asset Strategy Integration (TASI) project 
work scheduled for CC focus in FY2014 Q3. 

2. Server and workstation lifecycle standards support determining system upgrade planning and risk 
methods. This component standard is recognized in the data center hardware and operating system lifecycle 
management processes across the CC computing environment based on support and manageability, and is 
an initial guide to evaluating ǘƘŜ ǊŜƳŀƛƴƛƴƎ ŦŀŎǘƻǊǎ ƛƴ ŀ ƎƛǾŜƴ ǎȅǎǘŜƳΩǎ ƭƛŦŜŎȅŎƭŜ ǇƭŀƴΦ  

Á These standards pose as risk indicators in the CC Lifecycle Plan risk scoring scheme, supporting 
priority setting to those systems nearing hardware EOL. 

Á Upgrades - Server hardware end of life is considered 7 years; where optimal, any given system will 
complete a major upgrade (hardware and software) by the 7th year of the hardware life. The same is 
true for workstations, but on a 5 year cycle. These will be identified in the CC equipment database 
and in every system lifecycle plan developed in FY2014. 

3. Other CC equipment lifecycle standards will be developed and incorporated into systems lifecycle 
planning. Other Data Center Programs (Network, Telecomm, and Physical Infrastructure) are in the process 
of defining equipment lifecycle standards for all equipment. Telecomm will be tying in and coordinating with 
the PSC Program strategies. The Facilities Asset Management (FAM) team will be creating and coordinating 
these standards and condition assessments for the CC Physical Infrastructure with CC staff, and will set 
targets through their asset program. 

4. Complete Windows migrations efforts for remaining OpenVMS systems. Many of the systems now rated at 
High Risk Level due to obsolescence and support risks that will be migrated to Windows platforms to reduce 
the range of technology support, improve compliance management, and increase interoperability.  

Á Three Energy Management Systems (EMS) are left to migrate, currently planned over the next two 
years,  

Á Three others are targeted to be planned and migrated in the next 2-3 years. 
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Á Software obsolescence and issues is identified as in the risk scoring scheme as an additional 
weighted item; the combination of both equipment and software risks and related support issues, as 
well as their high Impact scores weights these system migration projects as high-risk priorities. 

5. Develop a CC data management program and strategy ς Support current data infrastructure staff in 
developing and evolving a CC Data Management Program and Strategy to identify: 

Á Program function, roles, goals, and outcomes desired 

Á Identify strategies and plans to achieve the goals for an improved data management program, 
including setting standard, technology direction, and optimal data solution approaches. 

Á Identify future tie-in with Configuration & Change Management processes and data, architecture 
design standards, data flows, and asset planning. 

Closing capability gaps ς Governance & Support strategies 

6. Develop enterprise ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ ǎǘǊŀǘŜƎƛŎ άƭƛƴŜ ƻŦ ǎƛƎƘǘέ ǘƻ // ŀǎǎŜǘǎ, refining a service view to their 
respective service strategy, performance objectives, and lifecycle demand requirements by developing the 
following capabilities:  

Á Strategic Demand Planning - Clarify BPA/Transmission desired outcomes, strategy business 
architecture, and priorities in relation to Operations direction and asset needs. Partner with other 
efforts around BPA (Transmission Strategy development, Tech Innovation, Commercial Ops 
initiatives, etc.) to help develop the Enterprise Architecture for the operations business direction.  

Á Clarify system services requirements and strategies ς identify system requirements, performance 
and service expectations and in relation to Strategic Demand.  

Á Identify use and practices around availability standards for systems, possibly creating a tiered class 
approach.  

Á Clarify the various continuity and disaster recovery requirements and capabilities expected of each 
CC system. Identify any gaps to be addressed. 

7. Establish dedicated CC technology and architecture planning functions or roles to enable standards 
development, future-looking and comprehensive architecture plans, and a higher level of coordination 
across CC and other groups. 

Á Ensure CC Operations system service expectations are clarified, and integrated master, remote, and 
telecomm technology and replacement plans are planned as part of the complete service.   

Á Identify the relationship and coordination requirement with the Integrated /ƻƴǘǊƻƭ {ȅǎǘŜƳǎΩ 
functions of the PSC and SPC Technology Evaluation and Test councils and test teams. 

8. Strategically plan for CC asset information management improvements to ensure that information on CC 
assets is accurate, complete, secure, and readily accessible to those who need it. Specifically, as outlined in 
the preliminary draft Strategic Asset Information Management (SAIM) plan: 

Á An Asset Configuration Management Program (supporting system inventory, configuration, 
architecture, changes, and service performance expectations) is established with clear service 
expectations, process, roles and responsibilities, and has sufficient staffing and system solutions to 
support the process and identified stakeholder needs.  

9. Develop visibility, tools, and processes to support more complete and proactive Demand & Capacity 
Management in the CC to identify both sustain and expansion workload and skill requirements, allocate 
existing staff to greatest benefit, and anticipate where staff needs to be added. 
Á Outline alternative approaches to completing identified work  
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Á Identify minimum requirements for Expense budget that is sufficient to support current systems 
lifecycle activities.   

10. Develop a cyber security and risk management strategy towards evolving current practices for system 
visibility, risk assessment, decision making and compliance response. 
 

FY2014 Strategy Targets 

FY2014 Target Measure: 

1. Complete Lifecycle Plans for every system and update them at 
least annually.   

Target:  Complete an initial version of all CC system lifecycle plans, 
and culminate into a Program Asset Plan rollup, by the end of 
FY2014 Q3. 

Every identified CC system, and or program of 
systems, has a version 1.0 lifecycle plan document 
with a preliminary risk score and an FY needs plan 
όϷΩǎκC¢9ύΦ 

2. Server and workstation lifecycle standards support determining 
system upgrade planning and risk methods. 

Target: All systems lifecycle plans have the CC Equipment Database 
EOL recognized and part of the risk scores and lifecycle plan by the 
end of FY2014. 

CC Equipment database is updated to indicate EOL 
for all Servers and workstations for every system, 
and the hardware EOL is incorporated into every 
lifecycle plan risk score. 

CC Equipment database generates a periodic 
report of EOL risks. 

3. Other CC equipment lifecycle standards will be developed and 
incorporated into systems lifecycle planning. 

Targets:  

3.1 Network and Telecomm Programs will identify lifecycle 
strategies and EOL standards as appropriate for their equipment 
types by end of FY2014. 

 

Equipment types population will be determined. 

CC Equipment database is updated with the 
equipment and to indicate EOL for the identified 
population. EOL risks are identified in the related 
subsystem lifecycle plans.  

CC Equipment database generates a periodic 
report of EOL risks. 

4. Complete Windows Migrations efforts for remaining OpenVMS 
systems. 

Targets: 

4.1 Projects are currently underway to address the Windows 
migration of the 3 remaining Energy Management Systems (EMS):  
SCADA, AGC, and PSM.  

4.2 Projects are expected to begin replacement planning for the 3 
remaining systems in FY14: KWH, SEMM/FLAR, and Microwave 
Monitor (MWM) Masters, with intent to replace over the next 2-3 
years.  

Current Project Delivery Years: 
SCADA ς FY2015 Q1  
PSM ς FY2015 Q1 
AGC ς FY2016 Q1  

 
Preliminary Plans are expected to be identified and 
approved for the KWH, SEMM FLAR, and MWM 
Masters by the end of FY2014. 

5. Develop a CC Data Management Program and Strategy.  

Target: Appropriate TO staff is identified and charged with 
coordinating and developing a proposed CC Data Management 
Program and Strategy for TO management review, input, and 
approval by the end of FY14. 

A DM Program Plan and Strategy is drafted 
sufficient for TO management serious review and 
consideration. Strategy should recommend next 
steps and targets to be approved. 
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FY2014 Target Measure: 

6. 5ŜǾŜƭƻǇ ŜƴǘŜǊǇǊƛǎŜ ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ ǎǘǊŀǘŜƎƛŎ άƭƛƴŜ ƻŦ ǎƛƎƘǘέ ǘƻ // 
assets, refining a service view to their respective service strategy, 
performance objectives, and lifecycle demand requirements.  

Target: Outline a plan for a Strategic Demand Planning effort 
ǘƻǿŀǊŘǎ ŎǊŜŀǘƛƴƎ ƳŜŎƘŀƴƛǎƳǎ ŦƻǊ άƭƛƴŜ ƻŦ ǎƛƎƘǘέ ǘƻ !ǎǎŜǘ {ǘǊŀǘŜƎȅ 
for TO and TPO management review by the end of FY2014 Q1.  

Plan available for TO/TPO management review by 
the end of FY2014 Q1. Plan to include goals, plan 
and approach, expected resources, and progress 
milestones. 

Leadership and analysis for the effort will be a 
focus of the CC Program manager. 

7. Establish dedicated architecture and technology planning 
functions or roles. Evaluate objectives and options for roles and 
staffing for enhancing and enabling CC architecture and 
technology planning function(s).  

Target: Through Transmission Operations strategic planning, the 
TASI project, and other efforts as appropriate, identify a strategic 
functional approach and next steps by the end of FY2014. 

A simple plan and approach is outlined and steps 
for proceeding are approved by the TO Manager. 

The plan will identify the relationship to the PSC 
and SPC Technology evaluation and test Councils 
and Test Team functions. 

 

8. Strategically plan for CC asset information management 
improvements to ensure data on CC assets is accurate, complete, 
secure, and readily accessible to those who need it. Specifically, as 
outlined in the preliminary draft Strategic Asset Information 
Management (SAIM) strategy: 

Target:  Per the preliminary SAIM Strategy approved on 3/31/2013, 
achieve the first 2 recommended steps by the end of FY2014 Q1: 

8A. Designate a Tier III or above Manager to own* and 
champion the strategy development and implementation 
planning.  
 
8B. Determine staff and/or an approach to effectively 
support the Strategy development effort for project 
management, analysis, and/or consulting. Set subsequent 
targets for progress based on the decisions. 

A simple plan and approach is outlined and steps 
for proceeding are approved by the TO Manager. 

ϝάhǿƴŜǊέ 9ȄǇŜŎǘŀǘƛƻƴǎ ƛƴŎƭǳŘŜΥ 

Á Accountable to ensuring the strategy 
development is supported and managed for 
progress. 

Á Ensures the Strategy effort is defined, 
structured, and all appropriate stakeholders 
are identified. 

Á Ensures all the related sub-efforts are in 
alignment, prioritized and managed against 
the strategy ς monitors both short-term 
efforts and long-term vision development. 

Á Garners agreement at the TO management 
team level for final strategy and 
implementation plan ς ensures all 
perspectives and concerns are incorporated. 

 

 

 

 
 
 
 
 
 

http://internal.bpa.gov/sites/systemoperations/ccassetmgmt/Asset%20Information%20Mngmt%20VisionScope/CC%20Strategic%20Asset%20Info%20Mngmt-SAIM_2013-0329.docx
http://internal.bpa.gov/sites/systemoperations/ccassetmgmt/Asset%20Information%20Mngmt%20VisionScope/CC%20Strategic%20Asset%20Info%20Mngmt-SAIM_2013-0329.docx
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3.0   STRATEGY IMPLEMENTATION PLAN 
 

3.1   10 year Implementation  Plan 
The current three-year view for priority projects identified as of 9/30/2013 is outlined below. In summary, this work 
plan will experience some flux and new priorities, for which the most urgent compliance and upgrades will get 
priority. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
9h[ Ґ ά9ƴŘ ƻŦ [ƛŦŜέ; EOP-ллу Ґ άb9w/ 9ƳŜǊƎŜƴŎȅ hǇŜǊŀǘƛƻƴǎ wŜǉǳƛǊŜƳŜƴǘǎέ 
 

CC typically has the visibility to plan about 2-3 years out. The expectation is that Lifecycle plans, and the roll-up of 
identified priorities and funding/FTE requirements, will offer a somewhat longer-term and comprehensive view to 
the program needs.  Improvements towards consistently incorporating new pop-up projects into the Asset Plan will 
offer mechanisms to manage the priorities and see the relative importance and total demands of those priorities. 
The plan is to develop methods to incorporate this analysis into the asset priorities before they become projects, 
and support more proactive and visible priority management.  

  

Project 

Expected 
Work 

Plan FY 
Start 

Expected 
Com-

pletion 

Sustain/ 
Expand 

Main Project Driver (Risk) 

Control Centers  (Expansion) 
RAS AC/West Side Controller 
Expansion 

FY2013 FY2015 Expand 
Policy-Interconnection commit. 

CSM Room Expansion  FY2014 FY2014 Expand Compliance/Policy- Support current growing systems 

CC Security and Event Log Consol. FY2014 FY2015 Expand Increased Security/Compliance, Agency KAT 

Centralized Backup Phase 2 FY2015 FY2016+ Expand Compliance/Policy-Disaster Recovery 

Dispatch Line Fault Indic Tool Imp  FY2015 FY2016+ Expand Discretionary-Dispatch visibility, reduce outage time 

CC Infrastructure  (Sustain)  

DCC-MCC Network True Up FY2012 FY2014 Sustain  Site to site standardization, compliance 

CC Network Mngmt Tools Upgrade FY2012 FY2014 Sustain  Upgrade/EOL, site/tools standardization 

CCN DMZ Update FY2013 FY2015 Sustain  Upgrade/EOL, imminent compliance issues 

Security Scanners FY2013 FY2015 Sustain  Upgrade, compliance, standardization, efficiency 

IDS/IPS Upgrade  FY2014 FY2015 Sustain  Upgrade/EOL, improved security, standardization 

MCC Dispatch Modernization FY2015 FY2015 Sustain  Upgrades, site to site standardization, EOP008 

DTF Dispatch Modernization FY2015 FY2016+ Sustain  Upgrade room and tools to current dispatch needs 

CC Public Key Interface  (PKI) FY2015 FY2016+ Sustain  compliance, security enhancement/consolidation  

CC Systems and Applications  (Sustain) 
SCADA EMP 2.5 Upgrade FY2011 FY2014 Sustain  Upgrade/EOL, Window's Migration strategy 

CC OPI App Web Server Upgrade FY2012 FY2014 Sustain  Upgrade/EOL, capacity/performance issues 

EMS Systems Replacement Phase 3 FY2013 FY2016 Sustain  Upgrade/EOL, Window's Migration strategy 

CCA NERC CIP Compliance Upgrade  FY2014 FY2015 Sustain  Upgrades, Imminent compliance issues 

Automated Patch Management FY2014 FY2015 Sustain  Upgrades, compliance improvements, efficiencies 

PI Upgrade FY2015 FY2015 Sustain  Upgrade/EOL, compliance issues 

DART Upgrade FY2015 FY2016 Sustain  Upgrade/EOL, compliance issues 
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3.2   Program Forecast Planning 
 

FY2014-2023 Capital Forecast 

Direct Capital only,  Nominal Dollars in '000 

            Equip Category FY14 FY15 FY16 FY17 FY18 FY19 FY20 FY21 FY22 FY23 Total 

CC Expansion $1,389 $1,517 $1,526 $2,500 $2,500 $2,500 $2,500 $2,500 $2,500 $2,500 $21,932 

CC Infrastructure $2,479 $2,987 $3,052 $2,706 $2,783 $2,861 $2,939 $3,019 $3,094 $3,094 $29,014 

CC Systems $3,332 $2,840 $3,052 $2,500 $2,500 $2,500 $2,500 $2,500 $2,500 $2,500 $26,724 

Total $7,200 $7,344 $7,630 $7,706 $7,783 $7,861 $7,939 $8,019 $8,094 $8,094 $77,670 

 
 

FY2014-FY2023 Expense Forecast 

         Nominal Dollars in '000 

          
            Maintenance Program FY14 FY15  FY16 FY17 FY18 FY19 FY20 FY21 FY22 FY23 Total 

Control Center $19,708 $20,024 $20,344 $20,670 $21,000 $21,336 $21,678 $22,025 $22,377 $22,735 $211,896 

            Caveats 

           Forecast is currently under review as part of the 2014 Integrated Program Review (IPR) process and will be updated in 
conjunction with the IPR timeline. 
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EXECUTIVE SUMMARY 
 
Power System Control (PSC) program overview 
Power System Control assets are the substation controls and the telecommunications equipment that help maximize 
capacity on the transmission system.  Equipment includes:  
Á Telecom Transport 
Á Telecom Support Equipment  

Á SCADA/Telemetry/Supervisory Control  
Á Field Information Network (FIN)/Operational Networks  
Á Telephone Systems  
Á Transfer Trip 
Á Remedial Action Scheme (RAS) 
Á System Telecommunications  

Á Fiber Optic Cable 

 
Key risks to be addressed 

Á Unplanned equipment replacements due to failures  
Á Outage risks and high economic costs due to equipment failure 
Á Technology interoperability issues 

Á Technology obsolescence and evolution 
Á Costly re-work caused by inadequate testing, lack of needed coordination with System Protection and 

Control (SPC) and Control Center (CC) programs 
Á Lack of manufacturer support 
Á Changing power system operations needs and evolving regulatory requirements 

 
Strategy Elements 
By using the total economic cost analytical approach, this strategy reflects the identification of a replacement plan 
that provides the greatest opportunity to reduce risks and therefore cost to BPA and its customers. This drives the 
development of a strategy that includes: 
Á Focus on replacing critical, at-risk equipment first 
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Á Less critical and risky equipment is allowed to run to failure 
Á Accumulated backlog of replacements is planned based on economic lifecycle 

Á Preparation for future technology 
Á Work process improvements 

Î More robust testing 
Î Documentation clean up and management 
Î Enhanced training 
Î Coordination with SPC program for replacements  

 
In the long run, this strategy will help: 
Á Set the pace of planned replacements that reduces the frequency of failures, which has an impact on 

preventative maintenance, corrective repairs and emergency replacements, thereby reducing the economic 
Ŏƻǎǘ ǘƻ .t! ŀƴŘ ǘƻ .t!Ωǎ ŎǳǎǘƻƳŜǊǎ 

Á Overcome the backlog of replacement and reach a steady state to better manage risks, costs, and resources 
Á The PSC program be better positioned to respond to market changes 

Á Make PSC staff more efficient and effective  
 

1.0   STRATEGY BACKGROUND  
 

1.1.   Business Environment  
The Power System Control (PSC) assets are critical control components for the transmission system.  The program is 
highly driven by emerging technologies and regulatory compliance and must be positioned to respond to changes.  
Much of the equipment has a short lifecycle due to its technology type and often external forces drive the 
availability of spare parts and continued support from the manufacturer. 

1.2   Assets, Asset Systems and Criticality 
Program Profile:  732 sites, including 111 radio sites, 482 BPA and customer-owned substations, and 139 other sites 
such as power houses, maintenance buildings, and control centers.  
 
Assets: Equipment is categorized into six groups and is described in the table below: 
Asset  Description 

Telecom Transport This equipment includes analog and digital microwave radio, analog and 
digital multiplex, fiber optic terminal equipment and UHF radios. The 
combination of these systems creates an extensive, system-wide 
communications network, with over 10,000 telecom circuits (primarily 
data and control circuits)  

Telecom Support Equipment This equipment includes alarm systems, batteries/chargers, DC-DC 
converters, engine generators, UPS systems, timing systems, fault 
locators, miscellaneous support systems, and towers and grounds. 

SCADA/Telemetry/Supervisory 
Control 

This equipment includes Supervisory Control And Data Acquisition 
Remote Terminal Units (RTUs), supervisory control systems, and 
telemetering systems. 

Field Information Network 
(FIN)/Operational Networks 

This equipment includes FIN network equipment, operational network 
equipment, network management system equipment, and modems. 
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Asset  Description 

Transfer Trip This equipment includes protection units and Remedial Action Scheme 
(RAS) communication units. 

Telephone Systems BPA maintains an extensive internal Dial Automatic Telephone System 
(DATS) for daily operation and maintenance activities. This equipment 
includes DATS switches and supporting systems, key system and 
telephone equipment, and teleprotection systems. 

Fiber Optic Cable This includes approximately 3,000 miles of fiber optic cable. 

 
Criticality 
 

 
 

   Misc. support systems Telephone systems VHF/mobile/portable radios RAS 

  Telephone protection UHF Transfer trip 

  FIN network DATS SCADA 

    Multiplex Fiber cable 

    Power line carrier Comm batteries/chargers 

    Telemetering SONET/MW radios 

    Operational networks/NMS   

    Supervisory control systems   

    UPS   

 

2.0   THE STRATEGY 

2.1   Current State 
Over the years, multiple generations of PSC equipment have been installed on .t!Ωǎ transmission system and the 
increasing risks of PSC equipment failure has become a key driver for the development of a strategy to mitigate the 
impacts.  
 
Some of the equipment is technologically obsolete as a result of the rapid evolution of technology in the 
marketplace and older vintage equipment is often without vendor support or spare parts or both.  As a result, 
interoperability problems across equipment vintages are being experienced.  This causes unnecessary deratings, 
outages and other risks.  Maintenance is time consuming and complicated leading to backlogs, long repair times and 
higher than expected costs.  This has created an excessively large and expansive spare parts inventory.   
 
In the last 10 years, BPA has under-invested in telecomm transport, telephone systems, telecomm support, SCADA 
and telemetry and transfer trip replacements as a result of many of the constraints being addressed in the 
Transmission Asset Management Overarching strategy. This has resulted in a backlog of replacements in the 
PSC/System Telecom programs.   
 
In recent years, the PSC/System Telecom programs have gone through an evaluation of strategic alternatives based 
on reducing risks and total economic costs.  In addition, to ensure investments in PSC equipment replacement were 
coordinated with the associated replacements in system protection and control (SPC) assets, Transmission Services 
initiated the development of an effort to integrate the two programs, along with associated control center (CC) 
assets.  This effort, known as the Integrated Control System Strategy, resulted in the evaluation and development of 
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a strategic approach that ensures the most valuable investments, based on reducing total economic cost, are 
focused on first, regardless of the program. This allows Transmission asset management to make important trade-
offs based on mitigating the most costly risks.  

2.1.1   Program Accomplishments for FY2012 -2013  
Execution of projects to move the analog to digital migration initiative forward:  
Á Completed #YC01 digital fiber/radio ring  
Á Buried approximately 2.5 miles of problematic fiber optic cable at Silver Butte.  
Á Construction commenced on the #BC radio system.  
Á #KC Phase 2 Project (*K06 and *K16) became operational, allowing circuits to begin moving from the analog 

microwave along the COI to fiber and digital radio.  
Á Completed 60% of EACC circuit cutovers  

Á Completed replacement of:  
Î 30 communications batteries/chargers  
Î 10 MW radio replacements 
Î 13 SCADA RTUs  
Î 14 UHF radios  
Î 40 analog communications alarm RTUs and FIN RTUs  
Î 8 antenna systems  
Î 12 KTS and 2 DATS telephone switches  
Î 30 analog Transfer Trip/RAS units  

Á Completed design to upgrade over 300 miles of fiber optic cable on the Ross-Schultz fiber project.  
Á Completed design and started construction of the #WC radio/fiber system.  
Á Received approval for Mobile Radio Replacement Project and started equipment selection. 

Á Received approval for the Optical Multi-gigabit Ethernet Transport (OMET) and have begun design and 
testing of equipment 

Á Completed the development of new test lab 

Á Began actively addressing the documentation backlog 

2.1.2   Cost History  
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Historical Actuals - Capital 

        Dollars in '000 
        

         Equipment Category FY07 FY08 FY09 FY10 FY11 FY12 FY13 Total 

Telecom Transport $890 $834 $1,266 $183 $1,029 $1,471 $856 $6,529 

Telecom Support Equip $166 $813 $855 $392 $401 $3,990 $2,468 $9,085 

SCADA/Telemtry/Sup Cntrl $371 $338 $353 $611 $1,157 $100 $1,052 $3,982 

Fin/Op Networks             $373 $373 

Transfer Trip $204 $116 -$1 $1,148 $3,929 $1,845 $4,841 $12,082 

Telephone Systems $596 $324 $10 $258 $526 $388 $205 $2,307 

Total $2,227 $2,425 $2,483 $2,592 $7,042 $7,794 $9,795 $34,358 
 

 

 

Historical Actuals - Expense 
 Dollars in '000 

               Program FY07 FY08 FY09 FY10 FY11 FY12 FY13 Total 

PSC $8,248 $10,328 $10,271 $11,579 $11,958 $12,637 $17,632 $82,642 
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2.1.3   Health of Current Assets (Current Condition & Performance)  
 

Lifecycle Assumptions by Equipment Type 

EQUIPMENT TYPE Lifecycle (Yrs) # of Units Average Age 

SCADA 13 212 15 

Transfer Trip 12 846 14 

RAS 14 666 15 

Fiber Cable 25 3000 miles  

Mobile 15 1480 13 

VHF Repeater 12 65 19 

7 Year Lifecycle (Comm Alarm Systems, VRLA Batteries) 9 715 9 

20 Yr Batteries (Flooded Cell Batteries) 22 248 11 

DC Power 15 (Chargers, DC-DC Converters) 18 546 13 

Misc 10 Year (Fiber Patch Panels; Fiber Drivers, etc.) 12 422 10 

UHF Radios 11 109 11 

Telemetering 18 578 12 

Telephone (Key Systems, etc.) 12 720 17 

Engine Generators 22 80 20 

SONET Other (Fiber nodes) 12 261 8 

DATS 12 14 7 

SONET Ancillary (digital multiplex, digital microwave) 10 635 7 

As the equipment ages, these assets require a significant level of resources to maintain, repair and operate. These 
expenses are expected to continue to grow as the system gets larger and becomes increasingly more complex until 
obsolete equipment is removed and replaced (e.g. analog to digital), and strategy process improvement initiatives 
reach steady state. 

2.2   Future State 

2.2.1   Key asset performance objectives, measures and targets  
Critical equipment replacement plan: 
Aggressively reduce risks of asset failure, interoperability, and technological obsolescence 
Á Accomplish conversion from analog equipment to digital within 7-9 years 
Á Replace critical analog Transfer Trip and RAS equipment within five years (accelerate from the current pace 

of 17-19 years) 

Á Develop and implement a long-term strategy for moving off SONET  
 
Process improvement initiatives: 
In addition to equipment performance measures, targets have been established for implementing valuable process 
improvements to enhance program delivery.  These are being tracked through the FY2014 Asset Management Key 
Transmission Target. 
 

The target for FY2014 is to achieve key planned milestones per the Integrated Control System (ICS) detailed strategy 
plan by focusing on providing training to accommodate increased staffing levels, reducing backlog of PSC 
documentation and maintaining accurate documentation.  
By the end of FY2014,  
Á At least 21% of PSC documentation backlog has been completed 

Á Implementation of a second training room is ready for use by the third quarter of FY2014. 
Á FY2015 training schedule for both training rooms is developed. 
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2.3   Asset Condition/Performance Gaps  
 

 
 

 
 
 See Appendix G for definitions of Consequence and Probability Scales 
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Gaps between Current and Future State 
 

Fiber cable: 
.t!Ωǎ ŦƛǊǎǘ ŦƛōŜǊ ŎŀōƭŜǎ ǿŜǊŜ ƛƴǎǘŀƭƭŜŘ ƛƴ ǘƘŜ ŜŀǊƭȅ 1990s. Plans are in place to replace some of the early cables that 
are in poor shape.  The current plan is to replace 100 miles per year, which does not meŜǘ ǘƘŜ ǎȅǎǘŜƳΩǎ ƴŜŜŘǎΦ !ǘ 
3,000 miles and growing, the replacement rate should also grow with an average lifecycle of 25 years.  Therefore, 
over the next ten years the miles will need to increase or the risk will grow.  A fiber cable failure has the highest 
consequences in the PSC program. 
 
Transfer Trip (TT) and RAS   
The number of TT and RAS units continues to grow.  The current state shows that the replacement rate has not met 
the need in many years.  The average age of the asset for both RAS and TT exceeds its lifecycle. Over the next ten 
years the plan is to increase the replacement rate to required level but still will come short in meeting system needs.  
Without an increase in the annual level of replacement, the risk will continue to increase and the number of failures 
per year could rise.  The equipment life is being pushed to hazardous levels.  Effort to increase the volume of 
replacement continues.   
 
Analog Microwave 
The number of analog radios continues to decrease.  Most will be off the system in ten years.  Those that remain will 
be in very poor condition.  The risk of failure will be high but the impact should be minimal. 
 
Digital Microwave 
The number of digital radios will continue to increase.  The average age of the radio is less than 10 years old, which 
is less than the expected lifecycle. Given the shorter lifecycle, equipment will need to be replaced more frequently.  
The future state map assumes some level of risk of failure due to replacement rate needing to rise at levels greater 
than can currently be executed today. 
 
Fiber Terminals 
The number of new SONET terminals is not expected to increase greatly.  Most of the terminals are still young.  The 
biggest issue is software, firmware and hardware compatibility.  There are already boxes that cannot upload the 
latest software.  Therefore, they need to be replaced even though there are no reliability issues. The scale of the 
problem is unknown at this time.  Finally, more and more manufacturers are going to packet-based networks and 
SONET will become eventually obsolete.  It is still unknown how long SONET will be manufactured and supported. 
 
SCADA 
The SCADA replacement is on schedule and will be complete this year. Delays were incurred due to need to 
coordinate with building replacements or other similar issues. 
 
DATS 
The last of the new KTS will be installed in FY2014-FY2016.  The program then begins a new cycle.  The new cycle 
should be completed by 2023.  No significant issues are expected.   
 
DC Power 
BPA is currently on schedule with the battery and charger replacements.  The biggest issue has been quality.  The 
equipment was produced in the early 2000s and is experiencing early failure.  The next few years will be focused on 
emergency or urgent replacements.   
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UHF 
Most of the analog UHF radios have been removed.  The rest will be removed in the next few years.  The existing 
and new digital UHF radios are of lesser quality than previous equipment and interference and other issues have 
arisen.  The future of this equipment is uncertain at this time, but the frequency band is needed since other bands 
are being lost. The direction of this program is very uncertain at this time.  
 

2.3.1   Risks to meeting the objectives  
Execution constraints:   
The primary risk to successful execution of the strategy is the insufficient number of resources for designing and 
executing PSC projects.  Transmission Services is currently working on an overarching plan to address these gaps. 
 

2.4   Strategic Approach to Closing Gaps 

2.4.1   Strategic Approach 
 
There were four innovations used for the PSC/Telecom asset strategy.   
Á ¢ƘŜ ŦƛǊǎǘ ǿŀǎ άvǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ǊŜƎƛƻƴŀƭ όǎƻŎƛŜǘŀƭύ Ŏƻǎǘǎ ŀǎ ǿŜƭƭ ŀǎ .t!-ƛƴŎǳǊǊŜŘ ŎƻǎǘǎέΦ  ¢Ƙƛǎ ŜǎǘƛƳŀǘŜǎ ǘƘŜ 

value of transmission reliability and the cost to the region when equipment fails and a customer outage 
occurs.    

Á ¢ƘŜ ǎŜŎƻƴŘ ƛǎ άŎƻƳǇǊŜƘŜƴǎƛǾŜ ƳƻŘŜƭƛƴƎ ƻŦ Ŏƻǎǘ όŀƴŘ ŀǾƻƛŘŜŘ Ŏƻǎǘύ ǳƴŎŜǊǘŀƛƴǘƛŜǎέΦ  ¢Ƙƛǎ ƛǎ ŀ ƭŜŀǇ ŦƻǊǿŀǊŘ in 
quantifying risks and is based on historical actuals and extensive coordination with SMEs.  

Á The third is a new model that will enable work to be prioritized to reduce reliability risk and exposure and 
reduce economic cost.  This is done while also taking into account capital funding, outage availability, 
resource availability, and other constraints.  

Á Finally, the fourth is a structured approach to implementation planning.  It is based upon constraint 
assumptions, data, and a vetted model.  The replacements and maintenance are prioritized in greater detail 
with redesigned and bolstered processes, including test and evaluation program, technical training, and 
asset documentation practices. Resources are allocated as needed.  

The overall goal was minimize long-term economic cost to BPA and the Region.  
 
Several key working assumptions underlie the development of the model and implementation plan. 

Á Low impact equipment is repaired until it reaches terminal failure, then replaced (run to fail) rather than 
having a time-based replacement cycle. 

Á Replacement cycles are driven by equipment type, technology and market lifecycles, experience with similar 
technologies, ability to repair in-house and availability of spares. Adjusted lifecycles by equipment type and 
extended whenever appropriate. 

Á Assume all failures will be repaired to restore service prior to a replacement decision being made, and 
terminal failure rate is between 2% and 10%.  

Á Equipment groupings are based on similarities in system impact, cost, and life cycle.  
Á Analog to Digital (A/D) replacements turned to retirements (eliminated duplication between A/D and SONET 

categories).  
Á Outage risk reassessed for different sizes of outages. High MW/high cost outages are a much lower risk than 

low MW/low cost outages. 
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Rolling Technology Strategy 
The PSC/Telecom strategy is focused on reducing the risks of asset failure, interoperability, and technological 
obsolescence. 
 
The PSC program is working to ensure PSC and telecom equipment will support BPA in delivering on its strategic 
initiatives, such as: 
Á ¢ŜŎƘƴƻƭƻƎƛŎŀƭ ƛƴƴƻǾŀǘƛƻƴǎ ǘƘŀǘ ŜƴŀōƭŜ ƎǊƛŘ ƻǇŜǊŀǘƻǊǎ ǘƻ άǎŜŜέ ǘƘŜ ƎǊƛŘ ƳƻǊŜ ŀŎŎǳǊŀǘŜƭȅΣ ƛƴǘŜǊƳƛǘǘŜƴǘ 

generation to be forecast more accurately, and grid operations to be controlled more precisely 
Á Scheduling and product design innovations that increase access and enable fuller use of existing capacity 
Á Balancing authority consolidation (or partial consolidation) should the region decide to consolidate 

 
In addition, BPA will continue to deploy synchrophasors over the next 3-7 year period.  This will be consistent with 
²9//Ωǎ ǇǊƻƎǊŀƳ ŘƛǊŜŎǘƛƻƴ.  Other PSC equipment will also be deployed consistently with the synchrophasor project 
plan for engineering, control center, and real-time response-based control applications.   
 
Design and conduct a comprehensive, integrated testing program ҍά¢Ŝǎǘ ǘǿƛŎŜΣ ƛƴǎǘŀƭƭ ƻƴŎŜέ:  

Á Enhance existing selection and testing programs by adding a field testing phase to the current pre-
qualification testing  

Á Install enough terminals of a new technology to test for technology interoperability, system limits for timing, 
geographic distribution, circuit type limitations  

Á Coordinate the testing of system components so that roll-outs are efficient and pose minimal risk to system 
stability  

Á Ensure that reliability risk is reduced , time-consuming and expensive re-ŘƻΩǎ ŀǊŜ ƳƛƴƛƳƛȊŜŘΣ ŀƴŘ ǎŎŀǊŎŜ C¢9 
are deployed efficiently  
 

Benchmarking with other west coast utilities will be performed to learn how they manage their PSC assets and 
develop and implement resourcing strategy by: 
Á Identifying core skill requirements 

Á Determining the number, composition of required staffing levels (BFTE, CFTE, Service Contractors) 
Á Determining recruiting sources/approach (coordinate with HCM/Unions) 

 
The strategy analytics will be updated on a recurring basis to better inform strategy and implementation plan 
development: 

Á Update asset health risk assessments  
Á Update prioritization of work activities ς directed at maximizing total economic value  

 
Finally, BPA will develop and implement training program. 
Á To ensure productive, high quality work by the large influx of new staff 
Á To ensure currency of skills for the technologies being introduced 

 
The Integrated Control System (ICS) effort, evaluated a number of strategic alternatives: 

Á Reference 
Current state execution of strategies based on resource limitations and associated funding 

Á Approved Strategy 
SPC, PSC, and Control Center strategies as presented and approved by BPA 

Á Active Coordination 
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Continue with the originally approved PSC/Telecom/SPC strategies and improve upon them with increased 
coordination between PSC, SPC and CC programs for equipment replacements and process improvements 

Á Enhanced Fault Location (EFL) 
Reduce the restoration time of transmission outages/derates through better and faster fault location on all 
voltage levels; extend fault location to approximately 125 sites on sub-grid, replace the FLAR master. 

Á Relay Functionality Optimization (RFO) 
Use full capability of microprocessor relays to perform transfer trip, SCADA, digital fault recording, and 
sequential events recording functionalities, and eliminate selected PSC and SPC equipment types 
everywhere. 

 
Based on the optimal approach for reducing total economic cost, it was recommended BPA implement all facets of 
the Active Coordination strategy.  This strategy will: 
Á Create synergy by developing a disciplined process for coordination of planning, planned outages, and 

execution. 
Á Expand the PSC council to cover all equipment and coordinate current and future technologies across 

PSC/System Telecom/SPC/CC.  The ICSS council will manage the technologies and pre-deployment 
equipment testing. 

Á Create and act on an appropriate staffing strategy. 
Á Replace equipment based on economic lifecycle (i.e. based on impact to the total economic cost).Improve 

documentation and pre-deployment testing. 
Á Develop the ability to adjust the replacement plans based on observed failure rates. 
Á Set a process to monitor strategy execution performance. 
Á Identify opportunities to shorten planned outages, specifically fiber, where the work could potentially be 

performed in half the time. 
Á For fiber replacement, the feasibility of using two crews to reduce the planned outage duration by 40% with 

approximately the same FTE cost is being investigated.  
Á Consider a limited targeted spares kits strategy for PSC and SPC in high impact areas to reduce outage times. 

 3.0   STRATEGY IMPLEMENTATION PLAN 
 
 

The PSC/telecom model used to develop the implementation plan takes into account equipment age, expected life, 
condition and technological change. Failure-probability curves derived from actual BPA PSC equipment failures 
coupled with SME judgment, were prepared for each of 24 equipment types to compare age with probable end of 
life.  The model also takes into account the optimal time to repair or replace based on outage risk and exposure. 
 
This information drives the identification of the 10 year equipment replacement plan included in the following page. 
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3.1   10 year Implementation Plan  
 

 
 

3.2   Program Forecast Planning 
 

FY2014-2023 Capital Forecast 
Direct Capital only, Nominal 5ƻƭƭŀǊǎ ƛƴ Ψллл 

 
 

FY2014-FY2023 Expense Forecast 

         Nominal Dollars in '000 

          
            Maintenance Program FY14 FY15  FY16 FY17 FY18 FY19 FY20 FY21 FY22 FY23 Total 

PSC $16,868 $17,582 $18,198 $18,835 $19,494 $20,176 $20,882 $21,613 $22,370 $23,153 $199,170 

            Caveats 

           Forecast is currently under review as part of the 2014 Integrated Program Review (IPR) process and will be updated in conjunction with 
the IPR timeline. 
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EXECUTIVE SUMMARY 
 
System Protection and Control (SPC) program overview  
SPC systems provide critical support to the primary circuit elements by preserving equipment integrity, maintaining 
overall reliability, gathering and storing operational data and ensuring public safety. 
Á Over 28,000 units of equipment in approximately 956 locations, including all BPA substations and many 

customer-owned substations, power houses, maintenance buildings and control centers.   
Á Assets: 

Î Protective relaying 
Î Sequential events recorders (SER) 
Î Fault recorders (DFR) 
Î Revenue and interchange metering 
Î Control and indication equipment 

 

 
 
Key risks to be addressed 

Á Lack of Original Equipment Manufacturer (OEM) support for most SPC equipment due to advanced age 
Á Risks associated with poor health condition of older SPC equipment 
Á Decreasing skill set to maintain older equipment as SPC employees retire 
Á Increased corrective maintenance workload to maintain older equipment in poor health 

Á Increase in higher cost emergency repairs 
 
Strategy Elements 
The SPC strategy and implementation plan were developed using a risk-informed evaluation of strategic alternatives 
with a goal towards reducing total economic costs. This strategy includes: 
Á Targeting replacement of high risk-high economic cost non-microprocessor relays over a 10 year horizon 
Á Replace older DFRs then subsequently managing units on a 15-18 year lifecycle 
Á Actively coordinate with PSC program to replace all Beta SERs with SER/SCADA standard  

Á Replace majority of at-risk revenue and interchange meters over the next 10 years 
Á Control & Indication - develop a lower cost mini console replacement and begin replacing old units 
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Á Process improvements include:  
Î Formalized coordination with PSC for specific replacements 
Î Bundle work with other sustain and expand programs for more efficient use of resources and 

planned outages 
 

In the long run, this strategy will help: 
Á Improve reliability and lower economic cost by replacing critical at-risk equipment 
Á Develop the ability to adjust the replacement plans based on observed failure rates 
Á Address outage management needs and availability targets through expected reduction in outages 

 

1.0   STRATEGY BACKGROUND  
 

1.1   Business Environment  
 
Customers and stakeholders served 
Á Stakeholders of all BPA power system components require isolation of equipment during fault conditions to 

prevent equipment damage and protect personal safety  
Á BPA operations and control center personnel require system control and monitoring to operate and 

maintain the power system 
Á BPA internal billing and scheduling organizations and external customers require accurate meter data 

Á Maintenance personnel use fault and event data to locate, troubleshoot and correct system failures 
Á BPA external power and transmission customers require reliable power; SPC equipment contributes to that 

reliability 
Products and services 
Á Fast isolation of faulted or failed power system components provides system stability and prevents further 

equipment damage 

Á Ability to monitor and control the power system both locally and remotely 
Á Accurate meter data for scheduling and billing of energy exchange 
Á Fault data for troubleshooting and evaluating system operation and health 

Á Remedial action schemes ensure greater system stability allowing more energy transfer across a given path 
 

Strategic environment 

Á Regulatory and legal standards 
Î FERC, NERC and WECC regulation and standards are continually evolving; the trend is toward more 

understandable and specific standards that in turn may require modification of relay setting and 
maintenance practices and require more detailed documentation of SPC work 

Î Recently implemented relay setting standards have initiated many relay replacements 
Î Forthcoming equipment and maintenance standards have potential to influence where certain 

equipment must be installed and how equipment is maintained 
Î There is always regulatory pressure to improve relay setting coordination and reduce relay 

misoperations  

Á Complexity of protection schemes  
Î Complexity of the power system being protected has direct impact on the magnitude of challenges 

the protection engineer faces when developing the protection scheme or relay settings 
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Á The high degree of flexibility in programming modern digital relays has led to challenges in coordinating 
protection schemes that span across utility boundaries; each utility has developed their unique means of 
implementing a particular type of relay so compromises and adjustments must be made when coordinating 
with other utilities 

Á Generation integration 
Î Wind generation is frequently interconnected in the middle of a transmission line requiring 

complicated protection schemes 
Á Commodities 

Î Many types of existing SPC equipment are no longer supported by the manufacturer and 
replacements parts are not available 

Î Shorter life expectancy of new digital equipment will result in a faster replacement tempo than has 
been seen with the electro-mechanical relays 

Á Integrated Control System Strategy (ICSS) 
Î A strategy to better coordinate the SPC, Power System Control (PSC) and Control Center programs 

will realize efficiencies through optimization of equipment upgrades. 

Á Staffing and other constraints  
Î Balancing FTE resources between expansion projects and maintenance and replacement efforts 
Î SPC inventory has many types of legacy and modern equipment requiring a huge knowledge base 

for engineers and craftsmen 
 

1.2   Assets, Asset Systems and Criticality 
 
System Protection and Control assets include the following equipment types: 
Protective Relays 
Á Protective relays are of three different technology eras: electro-mechanical, electronic and microprocessor 

based 
Î Electromechanical relays - installed up to 1983 with a 30 year life expectancy 
Î Electronic relays - installed 1980 through 1995 with 15 to 20 year life expectancy 
Î Digital relays - installed 1987 to present with 15 to 20 year life expectancy 

 

Sequential Events Recorders 

Á SERs maintain a historical record of all equipment operations and alarms in a substation and interface with 
station SCADA to provide remote monitoring capability to the control centers 
 

Fault Recorders 
Á Digital fault recorders record voltage and current waveforms during system faults; the data is used by SPC 

engineers to validate proper power system response to faults, troubleshoot equipment misoperation 
(internal and external to the BPA system) and improve relay setting coordination  
 

Revenue and Interchange Meters 
Á 5ŀǘŀ ŦǊƻƳ ǊŜǾŜƴǳŜ ƳŜǘŜǊǎ ƛǎ ǳǎŜŘ ōȅ .t!Ωǎ ōƛƭƭing organization to account for power entering and leaving 

the BPA power system 
Á Interchange meters measure power entering or leaving the BPA balancing authority area 
Á Some revenue meters and all interchange meters provide data for automatic generation control (AGC) 

 

Control and Indication Equipment  
Á The SPC program has responsibility for a variety of substation control and indicating equipment  
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Á Control equipment includes auto sectionalizing, dead bus clearing, auto synchronizing schemes and 
synchronous control units (SCU) 

Á Indicating equipment includes phasor measurement units (PMU), panel meters, control consoles, 
transformer temperature monitors, recording voltmeters, battery voltmeters, battery ground monitors, 
SCADA transducers, relay communication processors, and interconnecting wiring 
 

System Protection and Control Asset Criticality: 

 
 

2.0   THE STRATEGY 

2.1   Current State 
 
Capital Replacement Program in Recent Years  
Á Capital replacement funds have been focused on failing and obsolete equipment that could no longer be 

maintained 

Á Overall, SPC equipment has been replaced at a much slower rate than it is aging toward obsolescence and 
poor condition 

Á See section 2.1.3 below for detail the current state of SPC equipment categories 

2.1.1   Program Accomplishments to Date  
 
Targets vs. Performance 
FY2011-2013 Targets 
Á Program Cost: Cumulative total direct capital costs between $33M and $47.2M 

Á Program Scope/Capability:  
Î Complete 80% or more of the work plan (all three years) 
Î Protective Relay Reliability - Relay Malfunction: <0.5% of Relay operations reported in Outage 

Analysis and Reporting System (OARS)  each year, where the relay failed to operate for a fault inside 
its zone of protection due to relay equipment malfunction. 

Î Protective Relay Reliability - Relay Setting: <0.2% of Relay operations reported in OARS  each year, 
where the relay failed to operate for a fault inside its zone of protection due to relay setting error. 

FY2011-2013 Performance 
Á Program Cost: Cumulative total direct capital costs = $25.9 M  
Á Program Scope/Capability: 

Î Project completion (as of 9/30/2013) - 42% 
Î Protective Relay Reliability - Relay Malfunction: 0.009% 
Î Protective Relay Reliability - Relay Setting: 0.055%  
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Lessons Learned /  Performance Contributors 
The Contract Management Office (CMO) delivery model is being improved to optimize delivery of the type of work 
in the SPC program. This delivery method will double the capability of the SPC replacement program in the near 
term. The CMO delivered approximately $5M in FY2013 for SPC and is scheduled to deliver $9M-$10M in FY2014 for 
SPC. 
 
Project scoping is a key factor in the delivery equation.  This is being resolved by utilizing the Program Manager's 
(PgM) 10 year planning tool, early PgM/district involvement to ensure proper scoping, as well as utilization of 
improved processes. Design groups are currently being utilized to scope projects for next year to ensure that there 
are no show-stopping issues. If there are show-stopping issues, there will be time to resolve them and still get the 
designs done on time or to remove them from the work plan and replace them with another project. 
 
Early in FY2012, SPC project estimates were updated and are now more accurate, reflecting actual project costs 
better than ever before.  

2.1.2   Cost History 

 
Historical Actuals - Capital 

Dollars in '000 
                 Equipment Category FY07 FY08 FY09 FY10 FY11 FY12 FY13 Total 

Relays $4,552 $5,668 $1,189 $2,114 $2,567 $3,407 $6,828 $26,325 

Control & Indication         $136 $656 $1,790 $2,582 

Metering $60 $55 $1 $8 $128 $423 $523 $1,198 

DFRS $984 $1,940 $889 $2,803 $2,517 $1,696 $637 $11,466 

SER     $797 $1,141 $431 $1,098 $3,102 $6,569 

Total $5,596 $7,663 $2,876 $6,066 $5,779 $7,280 $12,880 $48,140 

 
Replacement Cost History 
SPC equipment replacement costs shown below and used in program funding development are based on: 
Á Typical direct costs from like projects provided by project Transmission Planning Estimating group 
Á Reflect 2013 dollars 
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Á Assumes labor , both in-house and supplemental, is used for the entire project ς design through 
construction and Test & Evaluation (T&E) 

Á Contract Management Office (CMO) estimates use the same type of data, but are based on CMO contractors 
for work completion 
 

Equipment Type Typical Replacement Cost per terminal  όƛƴ ϷΩллл) 

500kV Line Relay w/TT 450 

115kV Line Relay w/o TT 200 

Bus Differential Relay 275 

DFR 225 

SER 250 

Revenue Meter 27 

 

 
Historical Actuals - Expense 
5ƻƭƭŀǊǎ ƛƴ Ψллл 

Program FY07 FY08 FY09 FY10 FY11 FY12 FY13 Total 

SPC Maintenance $9,535 $10,864 $11,419 $11,377 $11,388 $11,651 $11,869 $$$78,103 
 

2.1.3   Health of Current Assets (Current Condition & Performance)  
 
Protective Relays 
Protective relays fit into two groups related to their technology characteristics 

Á Non-microprocessor based  
Î Includes electro-mechanical (E/M) and electronic relays 
Î By nature of their design these relays tend to drift out of calibration and therefore require more 

frequent maintenance (every 36 months) 
Î With age, wiring insulation becomes brittle potentially compromising circuitry when the relays are 

handled for maintenance or repair; aging components also result in setting drift so in some 
instances these relays cannot be maintained within calibration limits 
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Î In many cases spare component parts are no longer available 
Î BPA has traditionally assumed E/M relays to have a 30 year life expectancy; E/M relays on the 

system are 28 to 48 years old 
Î 9ƭŜŎǘǊƻƴƛŎ ǊŜƭŀȅǎ ƘŀǾŜ ŀ ǎƘƻǊǘŜǊ ƻǇŜǊŀǘƛƴƎ ƭƛŦŜ ƻŦ мр ǘƻ нл ȅŜŀǊǎΤ .t!Ωǎ ŜƭŜŎǘǊƻƴƛŎ ǊŜƭays are 18 to 29 

years old 
Î Electronic relays employed on the BPA system are much more complex than the E/M relays; they 

require extensive training for personnel to maintain, troubleshoot and repair them 
Î One model of electronic relay employed at BPA, the INX5 bus differential relay, has an added 

vulnerability of being employed as single layer protection; that means if one of these relays fails the 
substation bus is without protection and must be deenergized. 

Î Manufacturing support is no longer available for electronic relays or for many models of E/M relays  

Á Microprocessor based (digital) 
Î Digital relays do not drift out of calibration like E/M and electronic relays so maintenance intervals 

are extended (every 60 months) 
Î The modern microprocessor based relays are intelligent electronic devices (IED) meaning they have 

the capability to communicate and share data with other substation equipment providing 
opportunity for better substation automation and implementation of Smart Grid technologies  

Î .t!Ωǎ ƻƭŘŜǎǘ ŘƛƎƛǘŀƭ ǊŜƭŀȅǎ ŀǊŜ нр ȅŜŀǊǎ ƻƭŘ 

Á The electronic relay technology was applied primarily to protect 500kV transmission lines and 115-500kV 
substation buses 

Á E/M relays continued to be used in the most protection categories until the advent of digital relays in the 
ƭŀǘŜ мфулΩǎ 

Á Of the approximately1300 non-microprocessor based relays approximately 1150 are E/M, 150 are electronic 
line and bus differential relays 
 

Relay Terminals by Category and Type (Nov 2013) 

Relay Category Non-micro processor Micro processor 

Line, bus-tie, bus differential, breaker failure, reclosing 

500kV 302 563 

57-345kV 448 944 

<57kV 206 38 

Shunt Capacitors and Reactors 

  59 255 

Transformers 

<50MVA 41 6 

>50MVA 181 49 

Under Frequency Load Shedding 

  25 21 

Total: 1262 1876 

 
Remedial Action Schemes 
Á RAS are special protection schemes within the protective relay category 

Á For RAS components under the umbrella of the SPC sustain program, the equipment is supported and/or 
replacement parts are readily available 

 
Sequential Events Recorders 
Á Today the standard equipment for new or replacement SER installations is a GE D20 



 

 
  
Transmission Asset Management Strategy   

B O N N E V I L L E P O W E R A D M I N I S T R A T I O N

89 

 
Á BETA 512 

Î The BETA 512 is no longer supported by the manufacturer so there are no new spare parts available 
Î Since no new parts are available for these units a SPC policy has been established that requires 

replacement of a BETA 512 SER when a substation expansion project requires expansion of the SER 
unit 

Î The oldest of these units are approximately 25 years old and have reached their life expectancy 

Á BETA 4100 
Î The BETA 4100 is no longer supported by the manufacturer so there are no new spare parts 

available 
Î Since no new parts are available for these units a SPC policy has been established that requires 

replacement of a BETA 4100 SER when a substation expansion project requires expansion of the SER 
unit 

Î The oldest of these units are 15 years old 

Á D20 ς current BPA SER standard  
Î The D20 has the capability of accomplishing both SER and SCADA functions 
Î .t! ƛǎ ƴƻǿ ǳǎƛƴƎ ǘƘŜ 5нлΩǎ ŎŀǇŀōƛƭƛǘȅ ǘƻ ŎƻƳōƛƴŜ {9w ŀƴŘ {/!5! ŦǳƴŎǘƛƻƴ ƛƴǘƻ ƻƴŜ ǳƴƛǘ ǘƘǳǎ ƎŀƛƴƛƴƎ 

efficiency in construction and maintenance 
Î ¢ƘŜ 5нл ŀƭǎƻ ƳŀƪŜǎ ŀ ƭŀǊƎŜ ǎǘǊƛŘŜ ŦƻǊǿŀǊŘ ƛƴ .t!Ωǎ ŀōƛƭƛǘȅ ǘƻ ǎƘŀǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ǾŀǊƛƻǳǎ 

substation equipment providing opportunity for improved substation automation and 
implementation of Smart Grid technologies 
 

Digital Fault Recorders  

Á An aggressive replacement program is in place to retire the remaining old technology 5CwΩǎ ōȅ ǘƘŜ ŜƴŘ ƻŦ 
FY2017 

Á The ƴŜǿ ǘŜŎƘƴƻƭƻƎȅ 5CwΩǎ ŀǊŜ well supported by the manufacturer; SPC expects this equipment will meet 
system needs and not require replacement until approximately 2020 

 
Revenue and Interchange Meters 
Á BPA has approximately 1600 meters at 1340 different locations 
Á Approximately 1250 of the meters are old technology and have no manufacturer support. 

 
Control and Indication  

Á The 4 general types of control equipment are listed below with the number on the BPA system 
Î Dead bus clearing schemes ς 64 
Î Auto synchronizing schemes ς 18 
Î Auto sectionalizing schemes ς 10 
Î Synchronous control units (SCU) ς 30 

Á There are several types of indicating equipment including: 


